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INTRODUCTION 


In recent years it has often been demonstrated that the amount of 
work (or effort) involved in making a given response influences both the 
probability of recurrence of that response and the magnitude of the 
response upon its re-appearance. Interest in this type of phenomenon 
has, in general, undergone two relatively separate phases. In the first 
thirty years of this century, the problem of the role of work in the de- 
termination of behavior had been considered to be essentially the prob- 
lem of the work decrement and the fatigue of the working organism. 
Robinson (73), in his comprehensive review of “the work of the inte- 
grated organism,”’ looked upon the problem in that manner. In contrast, 
within the last fifteen years psychologists have begun to point out some 
of the inhibitory, motivational, and cue values of work, as well as the 
fatigue aspects. One way to describe this change in emphasis would be 
to state that Robinson was studying the work of the already-integrated 
organism, while the recent workers have been studying the role of 
work in the process of integration itself. The latter approach has been 
made more feasible with the development of a large body of knowledge 
about learning and conditioning. For, with the demonstration of fairly 
predictable relationships within the phenomena of conditioning and 
learning, the work or effort variable could be introduced in a controlled 
manner and its effects could be ascertained as it influenced the course 
of conditioning or learning. The early success of this type of experi- 
mentation is attested by the fact that the effort variable has been in- 
cluded in the theoretical systems of Miller and Doliard (69) and Hull 
(47); this, in turn, has stimulated more research along these lines. At 


1 Part of a dissertation submitted in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy in the Department of Psychology, Brown University. 
The author wishes to express appreciation to Professor Harold Schlosberg for his kind 
assistance in the preparation of this survey. 
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the same time, the studies on fatigue seem to have become fewer in 
number. 

It is not the purpose of this survey to present an exhaustive treatise 
on the subject of work or effort. Rather, the object is the presentation 
of a related body of data and theory, much of which has never been 
treated in a single survey. For the sake of brevity, only experimental 
and theoretical highlights will be covered. Therefore, there will be 
many relevant experiments which are omitted; in general, references 
often will be omitted when the essential relationships involved may be 
represented by a single reference. Thus this article is in no sense an 
exhaustive bibliographical effort. 

Nor is it our purpose to present a body of data without critical in- 
terpretation. Indeed, this review is based upon a definite, though flexi- 
ble, theoretical framework which will be presented at the outset. Such 
a procedure leads to admitted oversimplification. But at the present 
stage of our knowledge about the operation of the effort variable, such 
a method of presentation will allow us to integrate a large number of 
experimental findings which at present are, for the most part, uncon- 
nected in the literature. It is hoped that the theoretical framework will 
not be construed as uncompromising bias. The theory merely serves 
as a convenient and simple pattern on which the data may be arranged. 
The necessity for such simplification becomes clear when one considers 


that all responses involve work, and the effort variable thereby is com- 
mon to behavioral psychology as a whole, to just about every experi- 
ment relating stimulus and response. 

Theoretical considerations. Nowhere has the role of the effort variable 
in the determination of behavior received so much attention as in Hull’s 
Principles of Behavior (47). Hull makes these assumptions, presented 
as the three basic postulates of work-inhibition theory: 


1. Whenever any reaction is evoked in an organism there is left a condition 
or state which acts as a primary negative motivation in that it has an innate 
capacity to produce a cessation of the activity which produced the state 
(47, p. 278). [This state or condition is given the name “reactive inhibition.” 
Its presence results in a certain reaction decrement, which Hull believes is 
closely related to decrements which are ordinarily attributed to fatigue. It 
is to be noted that reactive inhibition is an unobservable, and, in Hull’s words, 
“has the status of a logical construct with all the advantages and disadvan- 
tages characteristic of such scientific concepts” (47, p. 278).] 

2. The net amount of functioning inhibitory potential resulting from a se- 
quence of reaction evocations is a positively accelerated function of the amount 
of work (W) involved in the performance of the response in question (47, 
p. 279). [Hull presents an equation which expresses this relationship. The 
constant of proportionality for the work variable is actually a parameter which 
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takes into account the relative work-capacities of the responding muscle 
groups.] 
3. Each amount of inhibitory potential (Ig) diminishes progressively with 


the passage of time according to a simple decay or negative growth function 
(47, p. 281). 


After making these assumptions, Hull goes on to discuss the various — 
properties of the intervening inhibitory variable. In the first place, 
Hull believes that the ‘“‘after-effects of response evocation in the ag- 
gregate constitute a negative drive strongly akin to tissue injury or 
‘pain’ ” (47, p. 281). Thus, reduction of painful stimulation by means 
of reduction in activity would be, in reality, a reinforcing state of 
affairs. As demanded by reinforcement principles, any stimulation 
present at the time that activity ceased would become conditioned 
stimulation for cessation of activity. Such decrease in activity, moti- 
vated and reinforced by negative effects of responding, can be consid- 
ered to be a “‘conditioned resting response,’’ if we may take liberty with 
Hull’s formulation. Thus arises the first corollary: 

Stimuli closely associated with the acquisition and accumulation of in- 
hibitory potential (Ip) become conditioned to it in such a way that when 
such stimuli later precede or occur simultaneously with the stimulus situations 


otherwise evoking positive reactions these latter excitatory tendencies will be 
weakened (47, p. 282). 


In this way, Hull introduces a new possibility: ‘‘that the influence of 
inhibition on behavior evocation may be controlled by a stimulus” 
(47, p. 283). Since inhibition derived from responding can be controlled 
by stimuli, then principles of stimulus generalization will apply to 
inhibitory potential. The class of inhibition which exhibits such char- 
acteristics is called ‘‘conditioned inhibitory potential’ by Hull. Simple 
reactive inhibition, which, we remember, is transitory, summates with 
conditioned inhibition to give us the total inhibitory potential operating 
at any given time. From such theoretical propositions, Hull is able to 
derive the law of spontaneous recovery. 

Simple reactive inhibition, Ig, is not to be confused with the con- 
ditioned inhibitory potential which is actually reinforced by the reduc- 
tion of Ig. Conditioned inhibition is thought to involve the whole neural 
receptor-effector mechanism, while reactive inhibition, the primary 
negative motivating state, is believed to be an effector process. Hull 
states that such inhibitory potential most likely is dependent upon a 
substance “resident in the effector organs involved in the response”’ 
(47, p. 281). Moreover, such a substance probably will be removed by 
the blood stream in an amount which will be proportional to the amount 
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of the substance present at any given time. This is the basis for the 
assumption that reactive inhibition fades with time according to a nega- 
tive decay function. 

Hull, after presenting the various relationships possible within his 
explanatory system, demonstrates in a convincing manner that the 
theoretical system is adequate to handle many empirical phenomena. 
The various postulates, when combined, will predict such psychological 
occurrences as spontaneous recovery, reminiscence, the superiority of 
distributed practice, the empirical law of less work, and so forth. 

It is essential to remember that, although Hull may refer to periph- 
eral phenomena as a basis for his theorizing, his postulates and corol- 
laries are never stated in such terms. Hull’s constructs are intervening 
variables, only indirectly measurable within the requirements of his 
specific system. Thus, as formally stated, reactive inhibition is actually 
nowhere; it is merely Ip, a variable related to antecedent conditions 
and subsequent resultants. It is impossible to conceive of reactive in- 
hibition as independently measurable, without changing the nature of 
the postulates. Yet, at the same time, Hull recognizes the full possi- 
bilities of peripheral formulations when he talks of effector processes 
as a basis for his intervening variable. Hull, unlike Pavlov (71), never 
attempts to give his construct of inhibition any status in the central 
nervous system. Reactive inhibition is a purely behavioral construct, a 
variable which relates stimulus-response correlations on a conceptual 
level. 

However, when we carefully examine Hull’s assumptions we note 
that, whatever may be the “‘true’’ nature of Ig, the existence of the con- 
struct is response-determined. It is produced only when responses occur. 
But it is a well-known datum of psychology and sensory physiology that 
certain kinesthetic, afferent impulses are always produced by the re- 
sponses of intact skeletal muscles. There appears to be no other kind 
of afferent discharge which might be considered to be purely a function 
of the organism’s own responses. This type of stimulation to the or- 
ganism has been called ‘‘backlash’’ stimulation as well as response- 
produced stimulation. Such results of responding are essentially 
peripheral effects; we know where they arise, approximately which 
peripheral segments of the great afferent systems are involved, and to 
some extent we can record such effects. Thus the concept of response- 
produced stimulation, besides being a potential intervening variable, is 
susceptible of independent measurement and brings us close to the un- 
derlying physiology of the organism. Miller and Dollard (69), in their 
theoretical treatment of learning, consider the role of work or effort in 
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terms of peripheral effects such as these. In essence, they imply that 
effortful responses produce stimulation which has the characteristic of 
negative drive stimulation as well as cue stimulation. Thus effort serves 
indirectly as both a motivating and a conditionable stimulus. 

With reference to our specific problem, there appear to be several 
advantages of the more peripheral constructs cver the type of con- 
structs used by Hull: (1) the explanatory constiuct employed is ulti- 
mately capable of independent measurement; (2) the results of re- 
sponding are broadened to include the cue aspects of response-produced 
effects; and (3) the deductions generated are more comprehensive, with 
several physiological implications; thus they facilitate inter-disciplinary 
research, often fruitful in the past. Actually, these advantages are more 
pragmatic than logical; it is believed that the same deductions can be 
made from peripheral theories as are made from Hull’s theories, with 
the advantage of several physiological deductions which Hull ‘cannot 
make. Such physiological possibilities will be discussed later. 

In view of the preciseness of Hull’s assumptions and deductions, 
yet with an eye to the possible pragmatic advantages of peripheral 
constructs, it seems reasonable to take the liberty of restating Hull’s 
propositions. In doing so, the deductions will not be altered with re- 
gard to purely behavioral phenomena. But more deductions, of a physi- 
ological sort, may be added. The fundamental aspects of the role of 
effort in theory will not be disturbed; rather, they will be broadened. 
With these considerations in mind, we find it aesthetically pleasing to 
recast Hull’s postulates in peripheral language. In their new form, 
they read as follows: 

1. Whenever a reaction is evoked in an organism, action of the effector 
system provides adequate stimulation of the kinesthetic receptors of the re- 
sponding members. Such kinesthetic stimulation, like any other stimulation, 
may serve either as cue or drive or both; it is potentially a conditioned stimulus 
complex as well as a negative drive stimulus complex. This is nothing more 
than the state of affairs implied by Miller and Dollard (69). In the same 
way that hunger contractions may result in effects which serve as cues for dif- 
ferential responses, so the kinesthetic components may provide cues. Similarly, 
in the manner in which afferent impulses from hunger contractions are thought 
to serve as positive motivation for the organism, so kinesthetic stimulation may 
in many cases serve as negative motivation. This is the converse, in operation, 
of afferent impulses from the hunger contractions of the stomach. Asa drive, or 
negatively motivating factor, kinesthetic effects may act to weaken respcense 
potentiality, or probability of occurrence of the response which produced those 
effects. As both cue and drive, the effects of responding are here postulated as 
peripheral constructs with peripherally measurable functions. 

2. The net amount of effective response-produced stimulation derived from 
a given response (related to frequency of nerve impulses, and extent of fiber 
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involvement, presumably) is a function of the amount of work involved in 
making the response, multiplied by some constant which serves as an index of 
the capacity of the responding member for continued work output. The total 
cumulative effects of responding are represented by two factors (analogous to 
Hull’s two factors, reactive and conditioned inhibition) : undissipated drive and 
cue stimulus traces, and conditioned resting responses, previously reinforced 
by reduction of negative drive stimuli in the presence of a constant stimulus 
situation. 

3. The effects of response-produced neural processes either taken as cue or 
drive, dissipate in time, probably in agreement with the accepted principles of 
the stimulus trace. This implies some decay function of time. 


Before bringing our theoretical discussion to a close, it is interesting 
to note that, in some respects, we have presented nothing new here. The 
concepts of drive stimulus and conditioned stimulus are to be found in 
Hull’s Principles of Behavior. But Hull does not use these concepts to 
the greatest possible extent with reference to the role of work. Reactive 
inhibition, when considered in the light of the rest of Hull’s system, and 
in the light of the theorizing of Miller and Dollard, is, possibly, an un- 
necessary concept. In recasting Hull’s theory in peripheral language, 
an economy has been effected only to the extent that old, peripheral 
concepts can supplant the new intervening variables. To use the idea 
of response-produced stimulation instead of reactive inhibition does not 
limit the possible predictions of behavior. And such predictions of be- 
havior may be made with fewer intervening variables. It must be ad- 
mitted, however, that at the present state of our knowledge, either 
type of formulation will serve adequately to explain the existing be- 
havioral data which depend on work as a negatively motivating factor. 

General plan of the review. The amount of evidence bearing on the 
concepts of response-produced stimulation and the role of effort is 
considerably greater than most theorists have heretofore indicated. The 
history of relevant experimentation can be conveniently classified 
under these topical headings: 


1. Studies of the ‘‘Law of Least Effort’; 

2. Studies varying effort-per-unit-of-time in conditioning and learning; 
3. Studies on avoidance of repetition of responses; 

4. Studies of the role of kinesthesis in the control of behavior. 


Tue Law oF LEAsT EFFORT 


It seems fairly clear that if the occurrence of a response is to be 
followed immediately by the production of negative drive stimuli in 
proportion to the effort involved in that response, a ‘Law of Least 
Effort’’ would become a corollary of the assumptions proposed by Hull 
(47), and restated above. In fact, Hull made a great point of this 
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(p. 294), mainly because previous workers had considered the “Law 
of Least Effort”’ to be an axiomatic behavior principle, not a corollary 
of several higher-order postulates. However, in fairness to the workers 
who preceded Hull, it was also true that their experiments aided greatly 
in making possible the generalizations stated by Hull. 

In 1920, De Camp (17) demonstrated that “‘other things being equal, 
the shorter of two paths will be traversed more and more until it be- 
comes the usual one, provided a certain fractional difference in length 
exists between short and long paths’’ (p. 253). Two years later, Kuo (58) 
noted that animals tended to eliminate ill-adaptive movements in 
learning a complex, four-choice maze. His animals were found to prefer 
paths in the maze in the following order: short path to food; long path 
to food; confinement for a short time, followed by food; and finally, 
shock followed by food. The first two preferences substantiated De 
Camp’s observations. In 1928, Gengerelli (33) noted that rats in a maze 
tended to follow the path which led to food in a shorter interval of time. 
He called this the ‘“‘path of least resistance.’’ It may be seen that De 


Camp's study, of necessity, confounded the temporal delay-of-rew=rd 
factor and the effort factor, since long routes were also delay routes. 
(This confounding has never been satisfactorily unravelled without in- 
troducing an added task. See below, the discussion of Thompson’s! (85) 
experiment.) In 1930, Gengerelli (34) formulated his principle of “‘:nax- 


ima and minima in animal learning’’ on the basis of his own, Kuo’s, 
and De Camp’s experimentation. Gengerelli considered that all ani- 
mals took a path to a goal which represented the least possible amount 
of energy-expenditure. This principle was considered by Gengerelli to 
be axiomatic and incapable of explanation or induction. Hence it was an 
important step that Hull (47) later made in explaining Gengerelli’s 
principle in terms of the reactive inhibition postulates. Wheeler (93), 
in 1929, also stated a “‘law of least action,” but he used physical terms 
and a mechanical analogy to do so. Tsai (88), in 1932, published an ex- 
periment which seemed to present proof of a law of minimum effort. 
Animals were presented with the possibility of reaching food through 
two doors weighted with 0 vs. 20 grams, 0 vs. 50 grams, or 20 vs. 50 
grams. He found*most of the responses to be in favor of the lighter 
door. Tsai also used a situation in which rats could traverse one of four 
paths of equal length; but all paths contained an obstacle to be climbed 
over, some obstacles being higher than others. He found that 75 per- 
cent of the responses were in favor of the lowest barrier. Tsai referred 
to his own results, together with those of De Camp, Kuo, and Gengerelli, 
as being excellent evidence for a law of minimum effort. 
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A study closely related to those cited above was that of Yoshioka 
(96) in 1929. He found, using the traditional long versus short path 
situation, that the frequency of choices of the shorter path was directly 
proportional! to the ratio between the lengths of the paths. Thus relative 
distances rather than absolute differences in length seemed to operate 
in determining choices. (The exact nature of this function has never 
been agreed upon. Grice’s (38) recent treatment of the problem con- 
tained a discussion of the nature of the relationship.) It is to be noted 
that temporal delay was confounded with length of path, or work, as 
in previous experiments of the same type. 

Probably the most penetrating study of the principle of least effort 
was that of Waters (90), in 1937. Waters tested the assumption that 
the ‘‘Law of Least Effort’’ operates without qualification. He used 
maze patterns in which all possible paths were the same distance to 
the goal, but each path contained a different number of turns. Rats 
tended to take the paths with the fewest turns. Human subjects, using 
a stylus maze of the same pattern, did not distribute their choice of 
paths as did the rats. Rather, they preferred the pathways representing 
either the most turns or the least, with few choices of paths with an 
intermediate number of turns. Waters went on to discuss the princi- 
ple of least effort as formulated by Wheeler, Gengerelli, and Tsai. He 
stated that Wheeler’s variables were unrelated to any psychological 
variables which we are able to quantify, and so were of little use to 
psychology. Even if we could identify Wheeler’s concept of ‘‘energy 
relationships,’’ we could hardly measure it with the present techniques 
of physiology or psychology. Physical concepts are not psychological 
concepts; they are derived from different kinds of measurements. On 
the other hand, Waters considered Gengerelli’s law to be derived from 
psychological data. In fact, both Gengerelli and Tsai recognized the 
function of repetition in the gradual appearance of a choice of least- 
effort behavior-routes during learning. Waters stated that Wheeler 
should expect an absolute choice of the path of least effort in but one 
trial; in other words, physical invariability. Tsai’s formulation was for 
Waters the most adequate, since it recognized the limitations imposed 
by thresholds of discrimination as studied by Yoshioka. Finally, Waters 
warned against accepting the ‘‘Law of Least Effort’’ without qualifica- 
tions. 

This warning proved to have been a pertinent one. For example, 
Fischel (30), in 1932, found that monkeys’ preferences for peanuts over 
crackers were not changed by making it more effortful to obtain the 
peanuts. Fischel felt that positive incentives often are more potent 
than negative ones like work or effort. Again McCulloch (67), in 1934, 
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used a weight discrimination problem with rats. He trained rats to pull 
in the lighter of two trays of food, but position habits often made it im- 
possible to establish this discrimination. This was certainly a violation 
of an unqualified ‘‘Law of Least Effort.’’ McCulloch substituted a con- 
cept of ‘‘preferentials’’ to account for his results. ‘‘Preference” for right 
or left position often overrode ‘‘preference”’ for least effort. The experi- 
ments of Fischel and McCulloch gave ample evidence that the ‘“‘Law 
of Least Effort,”’ as a separate principle, had to be integrated with other 
principles of motivation, as well as with principles of learning, and thresh- 
olds of discrimination, in order to explain the experimental data. 
Waters’ contentions were well-substantiated. They rendered partially 
invalid such theoretical statements as those of Gengerelli (34), Adams 
(1) and others, who had accepted the parsimonious implications of an 
unqualified ‘‘Law of Least Effort.” 

The most recent statement of a “‘law of less work”’ was that of Hull 
(47). Using an experiment of Grice (38) as his point of departure, Hull 
developed a substantiation of a law of less work as a corollary to his 
three reactive inhibition postulates. His corollary was stated as follows: 


If two or more behavior sequences, each involving a different amount of 
energy consumption or work (W), have been equally well reinforced an equal 
number of times, the organism will gradually learn to choose the less laborious 
behavior sequence leading to the attainment of the reinforcing state of affairs 
(47, p. 294). 


Grice’s work (38) was assumed by Hull to substantiate the corollary. 
But we should note that Grice did not attempt to equalize the temporal 
delay factor in his experiment; temporal delay-of-reward and work 
were thus confounded. He presented rats with two paths to food, one 
always longer than the other. The combinations of distances were: 
6 vs. 12 ft., 12 vs. 18 ft., 18 vs. 24 ft., 24 vs. 30 ft., and 30 vs. 36 ft. He 
reported an observed relationship between errors (taking the Jong path) 
and the ratio of long path to short path. Grice brought up the very 
important problem of the role of time and distance in his particular 
learning situation. For the most part, Grice considered the problem as 
one of temporal délay of reinforcement. But he did not offer temporal 
delay as the only interpretation of the data. Grice demonstrated that 
there was no consistent relationship between the learning perform- 
ance of his rats and the measured amounts of time spent by the indi- 
vidual animals in the two paths. But there was a definite relationship 
between learning performance and distance to the goals. Grice stated: 


These data are not in any way conclusive on this point, but they do suggest 
that, in maze learning at least, the effect of a given reinforcement on a response 
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is a function of the amount of activity on the part of the animals intervening 
between the response and the reinforcement, rather than temporal delay per 
se. Distance, of course, is closely related to the amount of activity required to 
reach the goal (38, p. 488). 


In terms of our own introductory statements, it may be seen that 
‘“activity’’ might have been rephrased to read ‘‘work.’”’ Thus Grice 
was in essential harmony with Hull’s postulates on reactive inhibition. 

Very recently, Thompson (85) has unravelled the confounded time 
and effort variables in the maze. He used a symmetrical T-maze, but 
placed lever-boxes at the end of each arm of the T. The levers were 
differentially weighted, so that the rats had to press harder at one end of 
the T than at the other end, in the process of obtaining the food reward. 
Thompson’s rats learned to select the path to the lever which was the 
more lightly weighted of the two. Here, temporal delay was the same, 
but work requirement was different for the two possible paths to food. 
These results supported Hull’s “less work” corollary. 

Hull referred mainly to the work of Gengerelli (33), Wheeler (93), 
Tsai (88), Waters (90), and Crutchfield (13) in finding substantiation 
for his corollary on less work. Actually, the Crutchfield experiment was 
a very special case of the least effort principle in operation, and one 
which probably offers some obstacles to Hull’s theorizing. Crutchfield 
(13) trained rats to pull in food by means of a string and pulley arrange- 
ment. During training, Crutchfield varied the force required to pull 
in the food, as well as the length of the string to be pulled in, and the 
number of training trials. A separate group of rats was used for each 
variation. Then tests were conducted under three conditions of motiva- 
tion and three conditions of force required to pull in the string. The 
factorial design of the experiment allowed for adequate statistical 
analysis, based on an economical number of rats. The test trial was so 
labelled because no food was available. The strength of response was 
defined as the amount of string the rat kept pulling in until the first 
work pause. Briefly, Crutchfield found: 


1. The larger the force necessary to pull in the string during training, the 
longer the length of string pulled-in under test conditions. 

2. The longer the length of string an animal had been trained to pull in for 
food, the longer the string pulled until the first work pause by the rat during the 
test session. 

3. The more training trials a rat had received, the less the length of string 
pulled in during the test. 

4. Most string was pulled in under conditions of 24 hours’ hunger at the 
test sessions (this hunger level was the same as that used in training). 
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5. The greater the force required of the rats to pull in the string in the test 
trials, the less the amount of string pulled in. 

6. The velocity of string-pulling in the test was related positively to the 
number of training trials, and was related negatively to the force required dur- 
ing the test. 

7. In general, each animal tended to expend from three to seven times the 
amount of effort in the test trial that he spent in a training trial, with the larger 
number of training trials producing smallest effort expenditures in the test 
trials. 

Possibly Crutchfield did not demonstrate more than the fact that 
the rats might have “‘expected”’ food in the test trial, did not find food 
after expenditures of the usual amount of effort and time, and so 
“looked’’ further, in harmony with the “‘expectancy”’ established in 
training. Since only one test trial was made for each animal, it was 
really the first trial of an extinction series. Perhaps the most illumi- 
nating data on the effects of work could have been obtained had the test 
trials veen carried on as a protracted extinction series; spontaneous re- 
covery could have been tested after a suitable time interval. Such an 
experiment is certainly needed. Crutchfield showed that rats built up 
a general “expectancy” about the level of work that was required in 
obtaining the food reward. Such an “expectancy”’ was established in 
training trials. But the negative drive effects of work could not be 
clearly shown in this experiment. In fact, the rats seemed to change 
their level of work output with the special requirements of the situation, 
and probably maintained that level until the situation was altered dur- 
ing the tests. Hull’s postulates did not take this adaptive principle into 
account. In terms of response-produced kinesthetic stimulation, how- 
ever, adaptation phenomena can be appealed to. It may be possible 
that the ‘‘effective’’ level of the response-produced negative drive stim- 
uli may be altered by habitual levels of energy expenditure. Thus the 
negative value of such stimulation may be modifiable, and may not al- 
ways be equal to some absolute stimulation level. Such an hypothesis is 
a tentative addition to the postulates concerning the drive and cue 
value of response-produced neural impulses. 

In general, the review of the literature on the ‘‘Law of Least Effort”’ 
has indicated that effort expenditure acts in opposition to positive moti- 
vation, in an amount related to the work required in performance of 
reinforced responses. Experiments on the “Law of Least Effort’’ con- 
tributed heavily to Hull’s thinking, especially those experiments on 
tong versus short path selection in the maze. Such experiments pre- 
sented, for Hull’s examination, a clear example of behavior that was 
influenced by differential work requirements. 
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EFFECTS OF VARYING EFFORT-PER-UNIT-OF-TIME IN CONDITION- 
ING AND LEARNING 
Acquisition 

The experimental work on the relative efficacy of massed and dis- 
tributed practice has included a large variety of situations, using both 
human and animal subjects. This rich body of literature contributed 
heavily to Hull’s supporting data in the formulation of the three reac- 
tive inhibition postulates. Because this literature has been so extensive, 
it will be possible to review only a few of the more influential studies, 
especially those upon which Hull has relied heavily. 

In the first place, it is possible for us to think of the temporal spacing 
of trials or responses as a distribution of effort. Presumably the effects 
of effort, or response-produced impulses, will approach a minimum, 
asymptotically, in their decay during the time interval between re- 
sponses. We might expect that the greater the effort required in each 
response, the longer the time necessary for the traces of response-pro- 
duced effects to approach a minimum. Thus, in the case of massed 
practice, the course of acquisition of any learned or conditioned re- 
sponse, as represented by the conventional learning curve, would be 
depressed by the undecayed accumulations of drive stimulus traces 
(Ig, in Hull’s system) which provide negative motivation, and by con- 
ditioned resting tendencies. But in the case where responses are rela- 
tively far apart in time, we should expect the negative drive stimulus 
traces to fade between responses, so that the learning curve would be 
more representative of maximal performance. 

Consistent with the argument that spacing of trials is productive 
of a certain level of effort-per-unit-of-time, we can make a further pre- 
diction. If time interval between responses is kept at a constant value, 
and the effort required by each response varied, it should be possible 
to duplicate the results of experiments which have varied time interval 
alone. We reason as follows: If the magnitude of the neural involve- 
ment (in terms of frequency and number of fibers activated) resulting 
from response-produced stimulation is great, the traces (as well as 
possible effector processes) may take longer to decay to a minimal 
value. Therefore, if we increase the effort required in making a response, 
and do not increase the time interval between responses, the traditional 
learning curve, or acquisition curve, will be depressed. The presence 
of negative drive stimulus traces and learned resting responses will 
counteract positive motivational factors in the learning situation. To 
our knowledge, there have been no experiments in which effort-per- 
unit-of-time was systematically varied, to study the changes in the 
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acquisition curve, by varying the effortfulness of task. (There has been 
but one thorough study of extinction curves under different levels of 
effortfulness of task. See Mowrer (70)). For the most part, the studies 
of the effects of effort-per-unit-of-time on acquisition or learning have 
been studies on the temporal distribution of effort, rather than on effort- 
fulness of the task. 

One of the earliest experiments which reported decremental effects 
of continued responses in a curve of acquisition was a study of Pavlov 
(71). He found that in the acquisition of a conditioned salivary re- 
sponse the number of drops secreted on each trial gradually decreased 
if the number of trials in a session was greatly increased, but on the 
following day the first few trials showed complete recovery. Pavlov 
interpreted his resultsas follows: ‘It is seen that one and the same 
stimulus which is constantly reinforced and repeated many times at 
long intervals of time loses only little of its effect; the same stimulus 
when applied at short intervals of time quickly diminishes in its 
effect...” (71, p. 248). Pavlov believed that inhibition of cortical 
sensory “‘analyzers’’ was the cause of this phenomenon. His finding was 
a clear statement of the effects of massed and distributed practice in the 
acquisition of a conditioned reflex. 

One of the earliest studies in this country bearing on the problem of 
effort-per-unit-of-time was that of Starch 80, in 1912. He had human 
subjects learn to associate numbers with letters of the alphabet, and 
he varied the time interval between responses from group to group. 
Starch found more rapid learning (in terms of errors) with spaced trials. 
Starch believed that his results indicated that the optional conditions 
of spacing gave newly-formed associations “‘...a chance to become 
settled and fixed’’ (80, p. 213). He attributed part of the decrement in 
the massed practice group to fatigue, however. 

In the period between 1915 and 1935 there were many experiments 
like those of Starch. They had implications for educational psychology, 
and so were carried on with much enthusiasm. McGeoch (68), in his 
book, has reviewed these studies thoroughly. He has concluded: ‘The 
experiments on distribution of practice have found that the introduc- 
tion of time intervals between practice periods of varying lengths yields 
more rapid learning, under a wide range of conditions, than does 
continuous practice . . .”” (68, p. 147). 

Calvin (6) has demonstrated that the acquisition of the conditioned. 
lid reflex is greatly influenced by the time interval between responses. 
The learning rate for three responses per minute was almost double 
that for nine responses per minute. Not only the rate, but the asymptote 
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approached by the acquisition curve, showed the decremental effects 
of increasing the effort-per-unit-of-time by massing trials. Humphreys 
(48) has corroborated Calvin’s results for the acquisition of the con- 
ditioned eyelid reflex. Humphreys, Miller and Ellson (49) have demon- 
strated clearly that the beneficial effects of spaced practice in condition- 
ing experiments are due to “‘decremental rather than expectancy fac- 
tors’’ (49, p. 202). These workers studied the effect of intertrial interval 
on the acquisition, extinction, and spontaneous recovery of verbal 
expectations in college students. They concluded from their data that 
spaced practice was of no advantage in either acquisition or extinction 
of verbal expectations. They did find spontaneous recovery of verbal 
expectations, but no clear course of progressive recovery. They assumed 
that ‘‘the work-decrement factor would presumably be at a minimum 
for a verbal choice” (49, p. 196). Therefore the effects of massed prac- 
tice in eyelid conditioning must have been due to work decrement or 
work inhibition influences. (See also: Schlosberg, 75, Wolfe, 95.) Hovland 
(46) compared the trials needed for human subjects to learn nonsense 
syllable lists of different lengths, under conditions of massed and dis- 
tributed practice. He found the superiority of distributed practice to 
be greater as the lists grew longer. 

In general, we can state that Hull’s expectations about the course 
of learning or acquisition have usually been substantiated. There have 
been a few exceptions, but these have been closely associated with the 
problem of insight and the discovery of relationships by human sub- 
jects. The verbal factor is therefore very important. For example, 
Lyon (64) found that the learning of poetry benefited from continuous 
reading. And Cook (11) found that massed practice facilitated the learn- 
ing of meaningful material. These exceptions are probably not com- 
pletely relevant to our main problem, because of the obscuring effects 
of higher verbal processes. We are able to accept the judgment that 
in general the data seem to fit theoretical expectations. Even under the 
extremely restricted conditions imposed by the Graham-Gagné (37) 
runway situation, Gagné (32) has shown that the acquisition of the 
conditioned operant (locomotor) response was more rapid with longer 
time intervals between runs, and that the latency of response asymptote 
was lower with longer time intervals between responses. 

We may conclude, therefore, that increasing the effort-per-unit-of- 
time, by altering the time interval between responses, results in slower 
learning and a depressed asymptote for the acquisition curve. There 
are no data to tell us whether this would be so if we altered effortfulness 
of task rather than temporal interval between responses. There clearly 
is a program of research suggested by this factual gap. 
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Extinction and Forgetting 


Extinction and forgetting curves have been extremely revealing 
with respect to the effects of effort-per-unit-of-time as an experimental 
variable. The reason for this is clear. If effort produces negative drive 
effects which fade slowly in time, massed practice produces an acquisi- 
tion curve which is depressed. If there is a time interval between ac- 
quisition and extinction, or between learning and tests of retention, the 
decremental effects have time to decay. This predicts the phenomenon 
of reminiscence as an essential characteristic of extinction and forgetting 
curves, wherever the temporal interval between acquisition trials has 
been relatively small, or the effortfulness of task has been relatively 
great. In other words, wherever the factor of effort-per-unit-of-time 
has served to depress a learning curve, the interval between the last 
acquisition trial and first extinction trial may serve to allow dissipation 
of the decremental, response-produced effects. If the same high level 
of effort-per-unit-of-time persists in extinction, then the extinction 
curve should be steeper, or extinction rate greater, than in the case 
where the effects of work expenditure have been allowed to decay during 
protracted intertrial time intervals. The foregoing considerations have 
been discussed thoroughly by Hull (47) and by Buxton (5). 

Pavlov (71) reported more rapid extinction with massed practice: 
‘Yet another important factor in determining the rate of experimental 
extinction is the length of pause between successive repetitions of the 
stimulus without reinforcement. The shorter the pause the more quickly 
will extinction of the reflex be obtained, and in most cases a smaller 
number of repetitions will be required” (71, p. 52). Switzer (83) showed 
that the first few extinction trials of the conditioned eyelid response 
were often greater in amplitude than the last acquisition trials. Hovland 
(45) showed that, in the learning of nonsense syllables, the same effect 
in the retention or forgetting curve was observable. Such an effect, 
called reminiscence, was greatly enhanced when acquisition was carried 
on under conditions of massed practice. In yet another study, Hovland 
(44) demonstrated that reminiscence effects appeared in massed presen- 
tation of nonsense syllables. Such oem“ readily fit the deductions 
from either Hull’s or our own postulates“ The learning curves above 
were depressed by response-produced effects, and since such products 
of responding are believed to decay with time, the learning level, as 
objectively measured, was objectively higher after a time interval was 
introduced. 

Probably Hovland’s (43) experiments on “inhibition of reinforce- 
ment’’ were used in Hull’s recent formulations more than any other 
single source. Hovland conditioned the galvanic skin response to a 
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thousand cycle tone, under four conditions of temporal spacing of 
responses. The unconditioned stimulus was shock. Four groups of 20 
subjects each were used, one group for each of the four following con- 
ditions: (1) 8 reinforced responses, one minute apart, with extinction 
being started immediately following the last reinforced trial; (2) 24 
reinforced responses, one minute apart, with extinction also being 
started immediately after the last reinforced trial; (3) 24 reinforced 
responses, one minute apart, but with 30 minutes elapsing between the 
last acquisition trial and the first extinction trial; and (4) 24 reinforced 
responses, divided into three groups of eight responses each, separated 
by 30-minute intervals; extinction was started immediately following 
the last acquisition trial of the third group of trials. The one-minute 
intervals were varied slightly to prevent temporal conditioning. Hov- 
land’s extinction curves showed the following salient features: 


When few reinforcements were given a continuous fall in the extinction curve 


results. ... With a much larger number of reinforcements, however, the curve 
manifests an initial rise.... When the reinforcements are distributed . . . or 
when time is allowed to elapse between reinforcements and extinction . . . no 


initial rise is obtained (43, p. 432). 


Hovland interpreted these results in terms of a principle of ‘‘inhibi- 
tion of reinforcement.’ That is, he held that the reinforcement process 
itself generates a type of inhibition which acts like the inhibitory process 
found in extinction. Hovland was, presumably, thinking of the process 
in terms of a negative contribution of reinforcement itself. Since rein- 
forcement was considered by Hull to be the reduction of drive stimula- 
tion in the presence of certain stimuli, Hovland’s view would, if ana- 
lyzed, mean that the organism is partly inhibited by the reduction of 
drive stimulation. As later writers have pointed out (see below, in the 
discussion of Heathers’ (40) work), Hovland’s original conception may 
have been unfortunate. Hull later suggested (47, pp. 292-293) that the 
reactive inhibition postulate was superior. Hull believed that the rise 
in Hovland’s curve for Group 2 (see above) was not indicative of a 
transitory inhibition of the process of reinforcement, but rather that the 
rise was indicative of inhibition of response magnitude due to accumula- 
tion of Ip during the acquisition responses, as well as conditioned in- 
hibition. Since the process of reinforcement has been assumed to 
strengthen S—R associations, it is difficult to see how inhibition of rein- 
forcement could prevent the full strengthening of S-R bonds and at 
the same time strengthen the S-R bonds by merely dissipating with time. 
Then, too, Hull pointed out that inhibition of reinforcement is related 
only to time interval, and does not consider work factors. In our own 
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words, the effort-per-unit-of-time variable seems to be handled inade- 
quately by Hovland’s construct. Possibly Hovland’s concept is highly 
specific to his conditioned response, the galvanic skin response, a re- 
sponse complex which may be found to produce relatively little “‘back- 
lash” stimulation. That is our best guess about this disagreement be- 
tween theories. 

The experiments outlined above have varied the effort-per-unit-of- 
time during acquisition and extinction by altering the time intervals 
between responses. There is another method of accomplishing this 
variation: namely, by varying the work requirement, or effortfulness 
of task, rather than the time interval between responses. The outstand- 
ing experiment of this sort in the literature was that of Mowrer and 
Jones (70), in 1943. These workers trained rats in a lever-pressing situa- 
tion, with the lever counterweighted in order to present varied amounts 
of work for the rats to do. During the acquisition trials the rats were 
given equal opportunity to press the lever, loaded by these weights: 
5 grams, 42.5 grams, and 80 grams. The rats were then divided into 
three groups for the extinction trials: one group pressed only 5 grams; 
the second, 42.5 grams; and the third, 80 grams. A negative linear 
relationship was found between the number of responses required for 
extinction and the effortfulness of task during the extinction trials. The 
relationship could be fitted to Hull’s equations. 

There have been other opinions and data which have lent credulity 
to the reactive inhibition postulates, or our restatement of them, with- 
out actually testing the deductions directly. Brogden, Lipman and Cul- 
ler (2), writing on the role of incentive in conditioning and extinction, 
stated: 

Whereas conditioning is activated by a potent excitor (shock), the only 


incentive for extinction is inertia. The dog might keep on acting forever were it 
not easier now and then to stand still (2, p. 112). 


These conclusions were made with reference to the course of acquisition 
and extinction of a conditioned forelimb flexion to tone, using dogs. 
In these conclusions we see a recognition of the decremental effects of 
merely responding on further responses from the same body members. 
Mowrer and Jones (70), with reference to the work of Brogden, Lipman 
and Culler, said: ‘“‘Growing evidence indicates that extinction is a 
motivated adjustment in which fatigue plays an important role’ (70, p. 
369). Thus it is not surprising to find that Hull included such effects, 
derived from responding, within the framework of his principles of be- 
havior. 

The work of Fitts (31) should also be mentioned here. He studied 
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the perseveration of non-rewarded behavior in a lever-pressing experi- 
ment. Varying both the hunger level and the work requirement, Fitts 
found that the work requirement, or negative motivation, could be 
counterbalanced by the increase of positive motivation in protracted 
food deprivation. 

In general, the study of extinction under varied levels of effort-per- 
unit-of-time indicates that increased effort produces decremental effects 
on succeeding responses. It should be pointed out that no one has ever 
systematically varied time interval between responses as well as effort- 
fulness of task in a factorially-designed experiment. Such an experiment 
would yield important information concerning acquisition and extinc- 
tion rates as a joint function of these two reciprocating variables. Such 
an experiment would be needed in order to equate temporal spacing 
units with effort units in some quantifiable manner. That is, increased 
time intervals between responses might be expected to neutralize in- 
creased effort requirements, insofar as response-produced decremental 
effects are concerned. 


Reminiscence and Spontaneous Recovery 


The topic of reminiscence, as related to the problem of response- 
produced drive stimuli, has been described above as an integral phe- 
nomenon of forgetting and extinction curves. The most extensive review 
of the experimentation on reminiscence was that of Buxton (5). He con- 
cluded that ‘‘reminiscence as a dependent variable seems to be related, 
to the type of learning technique employed, the type of subject matter, 
degree of mastery before rest, type of practice (degree of distripution), 
length of rest interval, and probably to serial position, rate of exposure 
of items and the amount of material to be learned” (5, p. 337). Buxton 
did not feel that work-decremental theories were as adequate as differ- 
ential forgetting theories in handling the data on reminiscence. 

There have been no clear experimental demonstrations of the rela- 
tionship existing between effort-per-unit-of-time, during either acquisi- 
tion or extinction procedures, and rate of spontaneous recovery from 
extinction. One might predict from Hull’s postulates, and from our 
own restatement of them, that a high level of effort-per-unit-of-time 
would depress an extinction curve so that the spontaneous recovery 
rate might be greater. This suggests a program of experimental work. 


THE STUDIES OF AVOIDANCE OF REPETITION OF RESPONSES 


Closely related to the problem of response-produced negative mo- 
tivation, as discussed by Hull, is the problem of short-term response- 
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produced effects. Hull did not emphasize these, in either building or 
testing his theories, so we shall discuss them separately.* 

The relationship between short-term effects of responding and the 
general problem outlined by Hull becomes clearer if removed for a mo- 
ment from the frame of reference of conditioning dynamics. If we as- 
sume that an organism is placed in a situation where one of two possible 
choices must be made at regular and successive times; and, further, if 
we assume that the behavior potentiality of both possible responses is 
about the same, then the performance of the organism should give some 
insight into the operation of short-term, response-produced effects. For 
example, in a T-maze where right-turning has been rewarded as often 
as has left-turning, in a sequence of forced choices, we would expect a 
tendency to avoid making the response which has been made most re- 
cently in time. We expect this on the basis of the fact that response- 
produced effects have been previously demonstrated to act at negative 
motivation, or in an inhibitory capacity. And in the two-choice situa- 
tion this would tend to produce alternation behavior, the result of 
avoidance of repetition of responses. In multiple-choice situations this 
tendency should be noted in the fact that an animal makes choices 
which have been previously made most remotely in time. 


The Rat in the Maze 


More than thirty years ago, Hunter (50) noted that his rats tended 
to alternate their choices of two possible responses while learning an 
auditory discrimination. A few years later, in 1920, while studying the 
rats’ behavior in the temporal maze, Hunter (51) noted such consistent 
alternation of choices from trial to trial that he assumed that rats pos- 
sess an innate tendency to alternate (p. 9). 

Since that time many psychologists have noted that rats tended to 
avoid making a response which has just been made. Tolman (87), in 
1925, stated that the “exploratory tendencies” of the rat, as well as its 
innate tendency toward varying its responses, would explain the alter- 
nation of the left and right choices in the elevated T-maze. Tolman 
argued that the situation where the rat alternated its choices must have 
been unsatisfactory in some way, as far as the rat was concerned: the 
rat was either looking for an easier way to get to the food, or was looking 
for a place where there would be more food available on each trial. 
However, such an explanation was not readily accepted, and this stimu- 
lated experimental work. 

Yoshioka (97), in 1929, found that rats tended to alternate slightly 
above chance expectations, when allowed to run freely in a maze with 


* The “short-term response-produced effects” referred to here do not include the 
phenomena described by Hull as “behavioral oscillation.” 
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two parallel alleys, each running the same distance from starting box 
to goal. The author concluded that ‘‘alternations, then, as far as our 
evidence goes, are not due to any innate alternation tendency, but rather 
due to behavior possibilities expedient to certain situations’ (97, p. 
264). This, of course, was not intended to be an explanation. In 1930, 
MacGillivray and Stone (66) allowed rats to run in a discrimination 
apparatus where successive choices were made. This situation was, in 
effect, a discrimination series in tandem, with five successive choices 
made on each run. It was found at the outset that a tendency to alter- 
nate had to be overcome before any learning of the discriminable as- 
pects of the situation could occur. The authors stated that there was no 
evidence for ‘“‘pure”’ trial and error behavior early in learning. Several 
factors governing early discrimination-learning behavior were listed, 
with the tendency to alternate being most important. No attempt was 
maue to explain the phenomenon. 

It is interesting to note here that in 1930 Lashley’s discrimination 
apparatus was introduced; no evidence of a tendency to alternate has 
ever been mentioned in conjunction with this discrimination situation. 
As a matter of fact, in 1941 Jackson (57) found repetitive behavior 
(position habit) to be a characteristic mode of adaptation to the Lash- 
ley jumping situation when food reward was available at either door. 
Such apparently negative data will have to be explained as well as the 
more consistent data obtained on the T-maze and Y-maze. 

The most extensive program of research on the tendency to avoid 
repetition of responses was that carried on by Dennis and his co-work- 
ers. In 1932, Dennis and Henneman (22) reported that the exploratory 
behavior of rats on an elevated multiple-T maze (single alternation 
spatial maze) was not true trial-and-error behavior. According to 
Woodworth, Thorndike, and many others, a rat, when placed on a maze, 
was supposed to make just about every possible error and success, due 
to the fact that rats seemed to explore the whole maze. Dennis and 
Henneman found this to be far from the actual case. Their rats did not 
expiore the whole maze; two of them traversed six units without an 
error, on their first exploration. Several other rats, after but a few errors, 
traversed the remaining part of the maze correctly. The probabilities 
for such events occurring by chance are extremely small. Evidently a 
left-right-left-right sequence was extremely easy or ‘‘natural”’ for the 
rat; the authors did not explain their results. 

In 1934, Dennis and Sollenberger (23) presented an interesting find- 
ing. Their rats’ total activity in a maze decreased, in terms of entries 
into blinds, long before the animals secured a reward. This initial “‘ex- 
ploratory”’ behavior by the rat in a maze suggested to the authors that 
some concept of adaptation had to be invoked in order to explain its 
exploratory behavior. The authors felt that the animals were exhibiting 
a sensory adaptation to the maze; the running responses could not be as 
easily elicited as when the rats first entered the maze. This was as- 
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sumed to be a process of adaptation to the stimulation provided by the 
maze. Dennis and Sollenberger stated that it seemed likely that a rat 
would “‘ . . . become loath to take any pathway, i.e., the rats’ locomotor 
activities would become almost completely negatively adapted to the 
maze’ (23, p. 197). In terms of their theory, Dennis and Sollenberger 
stated that any reward which was received by the rat in the maze did 
not eliminate errors per se, but actually served to prevent complete 
“negative adaptation’’ to the true pathway, while other, erroneous 
paths were adapted-to negatively. This was certainly a unique way of 
looking at initial maze responses. In their first experiment, the authors 
used a single unit, 120° Y-maze, with 44 naive, hungry rats. The rats 
were placed on any arm of the symmetrical Y-maze, and were allowed 
to explore freely. There was no food available in the maze. The number 
of entrances into alleys decreased from 100 the first minute of explora- 
tion to 80 the second minute, 69 the third, 64 the fourth, and 41 during 
the fifth minute. The distribution of choices was uniform, or equal for 
the three paths of the Y. The experimenters found that 67 percent of 
the entries into the paths represented choices of a path which had been 
explored most remotely in time. The rats tended to avoid choosing a 
path which they had entered recently. In a second experiment, these 
same rats, when allowed to explore a multiple Y-maze for five minutes, 
made three times as many alley entrances compared to the single unit 
Y-maze. This increase in exploratory activity in the multiple unit maze 
was believed to be due to the diminished negative adaptation, since the 
space to be explored in the second experiment was much greater than 
that in the first experiment. In the second experiment the most recently 
entered path was avoided in 78 percent of the rats’ choices. The most 
important finding,for our own purposes was that the rats tended to 
avoid a pathway very recently explored. The authors explained this 
fact by their principle of negative adaptation. They believed that a new 
interpretation of initial maze learning behavior seemed to be required 
because of their results: errors eliminated themselves without reward 
under certain restricted conditions such as an elevated, single-alterna- 
tion, spatial maze. The avoidance of repetition of a recently-made re- 
sponse would, under such circumstances, eliminate errors spontane- 
ously if the first response was correct. 

In another study, Wingfield and Dennis (94) isund that alternations 
in a two-choice maze situation reached 94 percent with two trials each 
session. But with six trials per session the tendency to avoid repetition 
of responses was only 68 percent. These results were interpreted by the 
authors to mean that two trials per session would be superior for a mul- 
tiple-unit maze of the single-alternation type. There was not a superior 
mnemonic value to this procedure; rather, there was thought to be less 
negative adaptation to the correct path with fewer trials per session. 

In 1935, Dennis (20) made a careful comparison of the rat’s first and 
second explorations of an elevated Y-unit. Of 190 trials, 82 percent of 
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the second explorations were runs to the unexplored branch of the Y. 
Next, Dennis employed an elevated T-unit, placing the rat on one of the 
top arms of the T for two successive trials. New wood was used on each 
trial, and the maze was moved about the laboratory between trials. The 
other top arm of the T was chosen on 77 percent of the first runs, since 
this was a straight path; but on the second runs, 58 percent of the re- 
sponses were to the ‘‘stem’”’ of the T-unit. Of the rats which ran straight 
ahead on the first run, 72 percent turned off into the ‘‘stem’”’ on the 
second run. Combining data, 79 percent of the animals changed choices 
from the first to the second trial. Again, a negative adaptation interpre- 
tation was given for these results. 

Dennis’ final contribution in this particular facet of psychological 
research was a survey of “‘spontaneous alternation’ behavior in rats, 
as evidence of persistence of stimulus effects (21). Dennis discussed the 
two-choice T-maze and Y-maze situation, with specific reference to the 
tendency to avoid repetition of responses. Dennis stated that such be- 
havior indicated the persistence of traces of previous activity. He con- 
sidered that such retention would last as long as one minute. (In one 
sense this is similar to the delayed reaction experiment. The rat must 
retain stimulus traces between trials and use them in making successive 
choices.) Dennis apparently did not have in mind concepts such as 
those of Hull. He appeared to be assuming that the rat remembered 
which way it had gone on the last trial and made a “‘decision” on that 
basis. Thus the term “spontaneous.’’ But Dennis provided no hint of 
an underlying mechanism for spontaneous alternation in the two- 
choice maze situation. This behavior was left in about the same status 
that Hunter found it in 1914. 

In 1940, Crannel (12) offered some new light on ‘“‘spontaneous alter- 
nation,’”’ with a theoretical interpretation based on Tolman’s system of 
behavior. Crannel suggested that Dennis’ results might be fitted by the 
concept of “demand against distance.” This “demand” explained the 
long path versus short path experimental results. But, in addition: 
“The condition of two equally short (or long) paths to the goal does not 
exclude the possibility of the rats’ searching for a still shorter one’’ (12, 
p. 384). In a situation where only one of two “‘behavior-routes’”’ was 
followed by food reward, the problem was easy for the rat. But in situa- 
tions where the reward was the same for both paths, the rats’ “‘demand 
against distance’’ became an insoluble problem. This was reported by 
Crannel to produce a large amount of VTE behavior at the choice point. 
In fact, Crannel reported that his rats in the T-maze showed more VTE 
behavior when they alternated than when they repeated choices. It was 
assumed that the rats were “looking for’ a shorter path to food. This 
was not the same as considering response-produced effects to be the 
underlying mechanism for the alternation behavior. 

The experiment of Heathers (40), in 1940, demonstrated clearly that 
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the alternation tendency of rats decreased as time between trials was 
increased in a controlled fashion. Heathers used a simple, elevated T- 
maze; the stem, or starting path was 30 inches long, as was each ‘‘arm”’ 
of the T. Heathers fed the rats no matter which arm of the T they chose. 
He gave the rats 10 trials per day for six days; the 10 trials were split 
into two sets of five trials each. The time interval between trials was 
defined as the time elapsing between the moment the first choice was 
made and the time the starting gate was opened for the start of the next 
trial.YThe ‘‘true’’ time between trials was acknowledged to be the time 
between choices, which was uncontrollable, due to latency and running 
time variability from trial to trial and rat to rat. For 15, 30, 60, and 120 
seconds between responses, the percentages of alternation were 85.6, 
83.5, 75.0, and 65.6, respectively.Y These results showed clearly that the 
tendency to avoid repetition of responses in the T-maze decreased as 
the time interval between responses was increased. Heathers also re- 
corded running time. He found it to decrease with the longer enforced 
time intervals between trials. However, he found no difference in run- 
ning time between those trials on which rats alternated and those on 
which rats repeated responses. To Heathers, ‘“‘This indicates that the 
avoidance of repetition tendency as exhibited by an increase in running 
time is primarily in avoidance of running either pathway, rather than of 
the pathway last run” (40, p. 371). The alternation percentage was 
explained by Heathers to be a kind of phenomenon produced by “‘per- 
formance decrement.’’ It seems clear that a general theory should be 
able to explain both running time and alternation data, Heathers in- 
voked a tendency ‘‘not-to-run,” plus a “performance decrement”’ de- 
pendent on the character of the last response. It should be noted that 
the characteristics of the ‘‘performance decrement’’ were compared by 
Heathers with Hovland’s (43) concept of ‘‘inhibition of reinforcement.”’ 
Heathers did not like Hovland’s concept because it referred to the per- 
formance decrement as a function of reinforcement and time between 
trials rather than a function of the reinforced reaction and the time be- 
tween reactions. Heathers believed that the ‘‘performance decrement” 
was like the refractory phase of simpler mechanisms. We shall discuss 
this analogy later. 

Heathers’ paper offered some important information concerning the 
underlying mechanism of alternation behavior. The fact that alterna- 
tion behavior was still evidenced when the time between trials was 120 
seconds indicated that the response-produced effects were capable of in- 
fluencing responses over relatively long delay periodsy Any conception 
of the stimulus trace derived from sensory physiology would have to ac- 
count for such long persistence of after-effects. Effective stimulus traces 
of more than a few seconds have never been detected. Corroborating 
such physiological findings, Grice (39) has shown that the gradient of 
delay of reward is steep, persisting not more than five seconds or so, if 
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the kinesthetic stimulation of the delay period is at a minimum (in order 
to prevent secondary reinforcement of differential responses). Without 
going into Grice’s experiments in full, it can be stated that he further 
found that providing kinesthetic stimulation during the delay period 
made it possible for rats to solve a discrimination problem with longer 
delays of reward. Presumably the kinesthetic stimulation provided a 
source of secondary reinforcement. In the same way, it is possible to 
consider that, in Heathers’ experiment, persisting kinesthetic stimula- 
tion enabled the rats to retain the response-produced effects of each 
trial during the intertrial interval. The limit of such persistence of ef- 
fects was probably near 120 seconds. 

This time period has broad significance. Perkins (72) trained rats in 
an alley-type T-maze in which temporal delays of reward were used. 
The rats were detained in delay boxes on the two arms of the T. These 
delay boxes were randomly alternated from side to side in order to elim- 
inate: the effects of differential secondary reinforcement from the delay 
boxes. Food was available only on one arm of the T-maze, beyond the 
delay box. Perkins found that his rats could learn the T-maze problem 
with delays up to 120 seconds. The learning obtained with that temporal 
delay of reward was barely significant. The alternation tendency found 
by Heathers for the 120-second interval between trials was barely above 
the level of statistical significance. From these two very different ex- 
periments we are able to draw one general conclusion. The effective 
persistence of the effects of responding, both as cue stimuli and drive 
stimuli, seems to have a limit at about 120 seconds for ordinary loco- 
motor activity in the rat. Later this may prove to be of physiological sig- 
nificance. Now we find it difficult to explain the 120 seconds figure. It 
seems to represent something fundamental about response-produced 
neural effects and their effectiveness during the temvoral interval fol- 
lowing their inception. 

Heathers’ study did not terminate the curiosity of psychologists 
about non-repeated-responses in the T-maze. Weitz and Wakeman 
(92), in 1941, thought that removing the rat before it had eaten its 
fill served as punishment in the two-choice situation used Sy Tolman 
(87), Dennis (21), and Heathers (40). This interpretation was thought 
to account for ‘‘spontaneous alternation” in conditioned response terms: 
the rats were being punished slightly after each rewarded response. 
Therefore, Weitz and Wakeman ran two groups of rats; one group 
finished a small pellet on each trial, while the other group ate a part of a 
larger pellet. The eating time was the same for both groups. Two trials 
per session were run for 30 days. The first group showed 73.7% alterna- 
tion for the first 10 trials, decreasing to 52.5% on the last 10 trials; and 
the second group showed 68.8% alternation on the first 10 trials, de- 
creasing to 47.7% on the last 10 trials. The difference between these 
groups was not reliable. But the running times for the second group 
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were significantly slower, fitting in with the punishment theory. It was 
also suggested that the animals’ being picked up after each response 
was a punishing factor. The decrease in percentage of alternations over 
60 trials (or 30 sessions), was notable. This decrease has also been re- 
ported by Tolman (88), and seemed to represent the operation of small, 
uncontrolled cues in the situation which acted to produce position 
habits. If such a situation affected only a few rats in a group, the mean 
percentage of alternations decreased considerably. 

The last study to appear on this topic was that of Jackson (57), 
in 1941. He showed that rats which had developed position habits in 
the Lashley jumping situation, with food reward at either side, would, 
when placed in a maze used by Dennis, alternate 74 percent of the time. 
When wooden strips were placed between the Lashley jumping stand and 
the landing platform, alternations occurred on 28 percent of responses. 
Then a Y-maze was used, varying the angle of the ‘“‘Y.”’ There was no 
difference in tendency to alternate between 15°, 90°, and 120° (T- 
maze) angles, with the ievel at about 90 percent for all these rats. This 
was about the same level as that reported by Wingfield and Dennis (94) 
for two-trial sessions. When Jackson forced his rats to jump a 15 cm. 
gap at the end of the arms of the Y in order to get to the food platform, 
the first few trials showed 78 percent alternation, with this value de- 
creasing to a chance level as the number of trials was increased. These 
findings are in agreement with the general fact that alternation behavior 
is not a characteristic of behavior of rats in jumping situations. Such 
facts are not easily explained by any of the explanatory concepts so far 
advanced. 

Despite the exceptions enumerated above, many of the experiments 
on the avoidance of repetition of responses seems to fall in very well 
with an explanation such as that used by Hull (47), or with our own re- 
statement of it. Therefore, reactive inhibition, or negative effects of 
responding, can be postulated to account for the greater part of the 
experimental findings enumerated above. These response-produced 
effects are assumed to fade with time in the manner of the stimulus 
traces of kinesthetic stimulation. According to such an hypothesis, not 
only should alternation behavior increase as time between trials is 
shortened, but also it should increase with increased effort. This fol- 
lows from Hull’s second postulate, given in the introduction of this 
paper. It is a deduction which has not been tested experimentally and 
which suggests a program of research. Actually, the demonstration of 
the relationship between effortfulness of task and avoidance of repeti- 
tion of responses would be very significant. The effects of time interval 
variations were predicted fairly well by the conceptualizations of Dennis 
(21), Heathers (40), and Tolman (87). In this case, Hull’s theories add 
little. But the role of the effort variable is not a salient feature of the 
other theories. If it could be demonstrated that work or effort alters 
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the tendency to avoid repeating responses in a two-choice situation, we 
would be faced with the necessity of depending on those theories which 
consider response-produced stimuli, or reactive inhibition, not those 
which speak of ‘‘demands,” “‘negative adaptation,” or retention of an 


impression about ‘‘where I went on the last trial.” For we have a logical 
right to suppose that work-increases will augment the amount and in- 
tensity of response-produced effects which are inevitably supplied by a 
given reaction of the organism. Therefore, the effort or work variable 
becomes crucial in testing the alternative hypotheses. 


Refractory Period and Work Decrement 


Robinson (73) summarized the principles of fatigue and work dec- 
rement which were known in 1934. In general, he reported that con- 
tinued work was productive of effects which tended to decrease the rate 
of work done by an organism. These decrements, progressive and of 
varied duration, were assumed to be derived from two main mecha- 
nisms: 


1. The chemistry of muscle metabolism progressively decreased the capac- 
ity for work during continued work. These chemical changes, the basis for 
fatigue were often of long duration and effectiveness, existing many minutes, 
and even hours, after the cessation of work. 

2. The action of the nervous system somehow reduced the tendency for a 
member of the body to respond immediately after a response has been made. 


Both of these tendencies, chemical and neural, were believed by Robin- 
son to contribute to the work decrement (or fatigue, objectively de- 
fined). From an examination of these two factors we may conclude that, 
in most cases, the ‘‘performance decrement,” described by Heathers 
(40), and the “work decrement,” described by Robinson (73) in the 
field of fatigue, are somehow different. Admittedly, the distinctions are 
difficult to draw. The essential difference between the concepts appears 
to lie in the temporal duration of effects of responding. For example, 
fatigue was assumed by Robinson to involve the gradual accumulation 
of waste products of metabolism in amounts which make impossible the 
maximum functioning of the muscle groups or members. These waste 
products are eliminated over a period of minutes or hours, restoring the 
full efficiency of the muscles. These phenomena of fatigue have been 
shown to underlie the ‘‘work decrement.’’ On the other hand, the “‘per- 
formance decrement”’ has been designated by Heathers to be a short- 
term affair, almost completely over within 120 seconds following a 
response. It is very probable that we are dealing here with the neural 
mechanism which Robinson called the “refractory phase.”’ 

Robinson included both types of phenomena under the concept of 
fatigue, since response decrements characterized both. This may or 
may not prove to be convenient for theoretical purposes. There seems 
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to be no very clear way of separating the short-term and long-term 
effects of responding if we measure only overt responses and response 
decrements. But, at the present stage of our knowledge, we can guess 
that the long-term work decrements are more truly characteristic of 
fatigue than are the short-term decrements. We should make itclear 
that, no matter how precisely we may wish to categorize the two types 
of phenomena, response-produced effects must be present in both 
cases, but probably in differing degrees. The fatigued muscle group 
“aches,’”’ while the unfatigued muscle group seems to put forth less 
stimulation of a proprioceptive nature. (See Cason, 9, on the organic 
nature of fatigue.) 

Robinson usually characterized the short-term decrements as ‘‘re- 
fractory phase’ phenomena, to distinguish them from the long-term 
fatigue effects. In doing so, he clearly showed that he was well aware of 
the neural basis of such decrements. Dodge’s (24) work influenced 
Robinson a great deal in this problem. Dodge, in 1913, found that there 
was a gradual decrease in the incidence of occurrence of the protective 
wink reflex as the time interval between stimulations was decreased. 
This was certainly a short-term “performance decrement,”’ using 
Heathers’ terminology. Dodge (25) held the opinion that neural re- 
fractory phase principles applied to the grosser and more elaborate 
mental processes, and so he used such principles to explain short-term 
response decrements or work decrements. 

Among the experiments most often cited to illustrate the “law of 
refractory phase’’ are those of Thorndike (86) in 1927. Thorndike had 
subjects write a number every time they heard a word, with words 
being presented every 2.5 seconds. The chances of repetition in a series 
of ten such numerical responses was one-tenth. The results actually 
obtained showed a much lower fraction. Using a five-second interval 
between word presentations, the fraction of repeated numerals increased 
but this value never reached one-tenth. Dodge and Thorndike disagreed 
on the interpretation of these results. Dodge (26) maintained that they 
exemplified the operation of a refractory phase law; but Thorndike (86) 
felt that his subjects were verbally appraising the problem they were in, 
and that they were convinced that they were “‘smart’’ to avoid being 
repetitious. The decrease in number of repetitions with the decreased 
time interval seemed to support Dodge’s interpretation. But in 1931, 
Luh (63) supported Thorndike in a review of the problem of ‘‘avoidance 
of repetitive responses.’’ Luh repeated Thorndike’s experiment, using 
three types of stimuli. They were: taps on the table at regular intervals 
of 1, 2, 4, and 6 seconds; irregularly presented taps on the table; and 
letters of the alphabet, presented at regular intervals. Luh found that 
the tendency to avoid repetitions was clear in five of his six subjects. 
The sixth subject had a definite repetitive tendency. All subjects 
showed tendencies for ascending and descending numerical sequences 
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which tended to produce non-repetitive responses. Luh concluded that 


... the refractory phase in its strict physiological sense cannot be a 


plausible explanation for the avoidance of repetition .. . ’’ (63, p. 279). 
He decided that verbal sets of hypotheses determined the results, thus 


agreeing w 


ith Thorndike. 


In 1931 Telford (84) made an extensive study of the “refractory 


phase law’ 


’ in simple reaction time, accuracy of judgment, and the 


general tendency to repeat actions. In a study of auditory reaction 
time, using 4 sec., 1 sec. 2 sec., and 4 sec. time intervals between succes- 
sive stimulations, Telford found a relative refractory phase, a super- 
normal phase (at about one second), followed by a lengthening reaction 
time. This was considered to be analogous to the functioning of single 
nerve fibers. When making successive judgments of linear magnitudes, 


Telford’s s 


ubjects showed better accuracy as the time interval was in- 


creased from one-half second to four seconds. When asked to write a 
number from one to ten when they heard a nonsense syllable, Telford’s 
subjects showed more repetitive sequences for the longer time intervals 
between stimuli. 

Robinson (73, p. 607) believed that such evidence pointed to a more 


fundament 
of the subj 
answers. 


al mechanism than merely the set, or thought, on the part 
ects that it was much smarter to avoid repeating numerical 
Robinson was careful to note that the “refractory phase” 


principle was a work decrement principle as well as a principle which 
tended to minimize work decrement by preventing successive responses 
of an identical nature. Robinson cited several experiments which 
showed the work decrement to behave in a way analogous to the re- 
fractory phase phenomenon. These experiments, too numerous to be 
described here, led him to propose a set of “principles of the work 


decrement. 


”’ They were: 


1. The work decrement of a given S-R (stimulation-response) connection 
is relative to the recency of the previous functioning of that connection (70, p. 


605). 


2. The work decrement of a given S-R connection is relative to the frequency 
of the previous functioning of that connection (73, p. 609). 
3. The work decrement of a given S-R connection is relative to the connec- 


tions existin 
(73, p. 614). 


g between that S and other R’s. This is the principle of competition 


4. The work decrement of a given S-R connection is relative to the strength 


of that spec 


ific connection (73, p. 616). 


5. The work decrement of a given S-R connection is relative to the qualita- 


tive integrity of the S throughout the work period during which the decrement 


develops (73, p. 617). 


6. The work decrement of a given S-R connection is relative to the quantita- 
tive constancy of the S throughout the work period during which the decrement 


develops (73, p. 618). 


7. The work decrement of a given S-R connection is relative to the decre-, 
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ments that have developed in other S-R connections (73, p. 618). (This is a 
principle of transfer.) 


A glance at these seven ‘‘principles of work decrement’’ reveals 
what is, at first thought, a surprising omission. The magnitude of the 
decrement of an S-R connection bears no relation to the work required to 
respond. The omission of such a relation seems understandable to us, 
however, when we look back to Robinson’s conception of the work 
decrement. He considered it to be a refractory phase phenomenon. He 
did not look on it as a function of response-produced stimulation, or 
transitory inhibition, and thus was led to ignore the effort variable in 
refractory phase phenomena. 

All the phenomena of the work decrement, reviewed by Robinson 
(73), can be explained within the framework of Hull’s reactive inhibition 
postulates, or within our own restatement in terms of response-produced 
drive stimuli. The problem of refractory phase duration, and its relation 
to effort, has not been systematically explored. 


Psychophysical Judgments 


We have mentioned that Telford (84) found that judgments of linear 
magnitudes were more accurate with longer time intervals between 
judgments. This was probably not first-rate evidence for Hull’s theory 
because many other factors, such as eye-movements for making com- 
parisons, involved some duration. This would make judgments at 4 


sec. intervals very difficult. We can, however, appeal to another sort of 
evidence to show the generality of both Hull’s postulates and restate- 
ments of them. 

In 1920, Fernberger (29) showed that there are important “‘contrast 
effects’ taking place within a series of judgments about weights. Using 
the method of constant stimuli, Fernberger found that, if a comparison 
stimulus which had just been judged as the lighter of two weights was 
paired again with a weight in the region of uncertainty, there was a 
strong tendency to judge that comparison stimulus as heavier. Fern- 
berger considered this to be a contrast effect. But such a contrast effect 
seems to be analogous to the effects noted in the rats’ alternation in a 
T-maze. If we consider that the rat is “‘judging’’ the path last run as 
the longer of two paths, since the rats’ problem is an insoluble distance 
discrimination which may be*considered similar to the uncertainty in- 
terval in weight discrimination, then the rats’ alternation is like the 
“contrast effect.” Irwin and Preston (56) have reported avoidance of 
repetition of judgments in difficult discriminations with human subjects. 
These authors found that the influences producing such behavior were 
below the level of ‘‘conscious” report. Such results are to be expected 
on the basis of the reactive inhibition postulates, though Hull has not 
yet extended his survey of experimental evidence that far. 
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“ESP.” Experiments 


The data on psychophysical judgments indicated a tendency to 
avoid repetition of responses, a tendency demonstrated by the rat in the 
maze, as well as by human subjects in number-word association experi- 
ments. Presumably, we should find the same tendency in a series of 
guesses by subjects in a so-called ‘‘E.S.P.’’ experiment, since a series of 
“guesses” is not far removed in kind from responses in the uncertainty 
interval in weight judgments, or from responses in the T-maze where 
the distance discrimination is insoluble. Workers in the field of ‘“‘E.S.P.”’ 
have not taken this tendency into account in analyzing their data. 
Similarly, many of the critics of ‘‘E.S.P.” experiments have overlooked 
the avoidance of repetition of responses. For example, Goodfellow (36), 
in presenting the data from the Zenith Radio “E.S.P.’’ experiment, con- 
cluded that the tendency to avoid “‘symmetry”’ of responses explained 
the kinds of response patterns made most often. The Zenith Radio 
Program had ‘“‘sent’’ from the radio studio series of ‘‘messages,’’ by 
“telepathy,” to the listening radio audience. The ‘‘messages’’ were 
several series of five items, involving two possible choices of response, 
such as heads or tails, white or black, etc. The guesses of twenty 
thousand subjects in the listening radio audience were accurate far 
above chance expectations. Goodfellow exhaustively analyzed over one 
million responses from the audience and concluded that two extra- 
chance factors explained the obtained better-than-chance accuracy of 
guesses. First, the subjects used certain sequences of responses which 
tended to avoid symmetry. Secondly, subtle suggestions were found in 
the radio announcer’s instructions. Goodfellow stated: ‘‘When these 
factors are discounted, it becomes unnecessary to postulate telepathy to 
explain the results” (36, p. 632). 

Skinner (77) took exception to Goodfellow’s analysis. Skinner 
wrote: ‘‘Goodfellow notes the fact that subsequent guesses depend upon 
the preceding but dismisses the relation apparently as too complex for 
analysis’ (77, p. 495). Skinner proceeded to show that the patterns of 
response made by the Zenith Radio audience demonstrated a marked 
tendency to alternate guesses, to avoid repeating guesses. This tendency 
operated to make many of the audience’s responses either far above or 
far below chance expectations. Skinner therefore has explained the 
unusual kind of distribution of successes and failures recorded by Good- 
fellow from the Zenith Radio program. The fact that these extremes of 
success and failure added up to a level of success above chance was 
probably due to the fact that the sequences ‘‘sent”’ from the radio studio 
fitted certain tendencies of the audience to respond with a specific 
alternative on the first trial. For example, on the first guesses, 58.5% 
of the responses were ‘‘heads”’ for the heads-tails series. If the ‘‘mes- 
sage” were started with “heads,’’ then the results would be expected to 
be above chance for large numbers of subjects. The tendency to al- 
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ternate choices was not explained by Skinner. He was interested in 
showing that there are great advantages to an analysis of responses on 
the basis of previous responses, a procedure which higher-level, percep- 
tual principles fail to require. Skinner pointed out that greater descrip- 
tive power resides in his lower-level analysis. Goodfellow was looking 
for configurations and so overlooked some of the relations existing be- 
tween successive responses. 

Skinner did not go beyond stating that there was a tendency to 
alternate choices in such an insoluble problem as an “‘E.S.P.”’ experi- 
ment. Possibly Hull’s theory could be extended to encompass this type 
of data. If so, then we would expect more avoidance of repetition of 
guesses as the time interval between guesses is decreased; furthermore, 
if the effort involved in making a guess-response is increased, we would 
expect the number of alternations to increase in the two-choice situa- 
tion. At least, these are the deductions from Hull's postulates, when 
we extend them. They suggest many experiments. 





A summary of this section of our history is straightforward. In two- 
choice situations, where the response tendencies toward each choice are 
the same, due either to previous conditioning or to limitations in powers 
of discrimination, organisms tend to avoid repeating a recently-made 
choice response. Whether we observe a rat in a T-maze, or human sub- 
jects in psychophysical judgments, number-word association series.or 
E.S.P. experiments, the conclusion appears to be the same. Such a 
tendency seems to be explained by postulates like those proposed by 
Hull or by a restatement of Hull’s principles in more peripheral terms. 
Several testable deductions, involving the time interval variable and 
effort variable, appear to imply experiments similar to those described 
in this section. 


EXPERIMENTS ON THE ROLE OF KINESTHESIS IN THE 
CONTROL OF BEHAVIOR 


Since, in our restatement of Hull’s reactive inhibition postulates, 
we have talked of cue stimulation as one of the results of responding, 
a discussion of the role of kinesthesisin the control of behavior becomes 
appropriate. As in the case of negative drive stimulation, it is reason- 
able to assume that the cues derived from responding are in some man- 
ner related to the effortfulness of the responses. Thus, with reference to 
our conceptual scheme, work or effort becomes an important measurable 
variable in experiments which were originally designed to show the 
role of kinesthesis in the stimulus-neural control of behavior. 

Behavior in the maze. The literature concerning the kinesthetic con- 
trol of maze performance in animals has been voluminous: 
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1. After experiments involving surgical interference with exteroceptors, Wat- 
son (91) decided that kinesthetic and intra-organic stimulation were essential 
for ordinary maze learning. But the results of Casper (10) and Honzik (42) 
indicated that rats were not dependent upon proprioception, and could not 
learn simple mazes on the basis of kinesthesis alone. 

2. In experiments involving manipulation of intra-mase and extra-maze 
stimulation, the results are also conflicting. Carr and Watson (8), Dashiell and 
Helms (16), Shepard (76), and more recently, Hunter (54) have all offered 
evidence that maze proficiency could be acquired on the basis of kinesthesis 
alone. On the other hand the experiments of Carr (7), Dennis (18, 19), Mac- 
farlane (65), Curtis (15), Honzik (41) and others have shown rats to be inca- 
pable of learning mazes when all extra-maze and intra-maze differential cues 
were well controlled. 

3. In experiments involving surgical interference in spinal cord afferent tracts 
in the dorsal columns, the results were also contradictory. Lashley and Ball 
(59), Ingebritsen (55), and others have claimed that rats could learn mazes 
after their dorsal columns had been cut, presumably eliminating response-pro- 
duced afferent impulses. But such a conclusion has been criticized by many, 
including Hunter (53), Honzik (42), Sugar and Gerard (82), and others, mainly 
because it could be demonstrated behaviorally that other proprioceptively- 
controlled acts could be performed after such spinal operations. It appeared 
that many tracts outside the dorsal columns could serve to carry propriocep- 
tive impulses to the brain. The physiology of proprioception is far from being 
clearcut, making interpretations very difficult. 

4. In experiments involving surgical interference with higher levels of the 
central nervous system, Lashley and McCarthy (60) have shown that rats 
which were deprived of cerebellar centers could literally stagger through a 
previously learned maze after the operation without making errors. External 
cues must have been operating, since response-produced stimuli should have 
been greatly altered by the staggering gait of the post-operate rats. Dorcus 
and Gray (27) agreed with Lashley and McCarthy. They excised whole muscle 
groups in the hind limbs of rats, and found maze learning to be undisturbed. 
Actually, neither of these experiments was conclusive, due to the possibilities 
of extra-maze and intra-maze exteroceptive stimulation of a differential nature. 


Kinesthetic discriminations. There exist several examples of dis- 
crimination learning on the basis of kinesthetic or response-produced 
cues alone. Ruch (74) found a small DL in rats for the discrimination of 
inclined-plane angles. Two blind rats had a DL of only 10 degrees. In 
a later experiment, Ruch used 23 blind rats and found DL’s from four 
to two degrees. He concluded that his rats possessed a high degree of 
kinesthetic sensitivity. Dashiell and Helms (16) obtained equivocal 
results in a kinesthetic discrimination problem in which rats were re- 
quired to take the path (one of four arranged in the form of a cross) 
which was inclined most. In one sense, the long versus short path ex- 
periments of De Camp (17), Kuo (58), Gengerelli (33) and Grice (38) 
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may be considered to have been successful kinesthetic discriminations if 
we ignore the temporal delay factor. Ghiselli (35) offered inconclusive 
evidence on the mechanism underlying kinesthetic discriminations. He 
used the inclined-plane discrimination problem, with rats whose dorsal 
columns had been cut at the cervical level. The operates learned the 
discrimination as readily as did normals. Apparently the appropriate 
cues were getting by the spinal lesions, or other cues were being used. 
In general, the evidence indicates that rats can make discriminations 
on the basis of kinesthesis; though it is disappointing that a very in- 
teresting test, the elimination of the afferent pathways of kinesthesis, 
has not yet given us one of the limiting conditions of kinesthetic control. 

An experiment of Van Vorst, Stone and Kuznets (89) is of interest 
here, because it combined in a unique fashion the problem of kinesthetic 
discrimination and kinesthetic cues used in learning a maze. These 
experimenters used a maze whose pathways led in three dimensions. 
That is, some of the pathways were inclined. Van Vorst et al. compared 
the performance of rats on two mazes of identical pattern, one of which 
had inclined plane alleys in certain fixed places, the other of which was 
level throughout the whole maze. Therefore, the sequences of left and 
right turns were the same for both mazes, but one maze offered added 
kinesthetic stimulation by the inclusion of inclined pathways. Two 
groups of rats were run on each maze. The groups of rats which ran on 
the inclined plane maze learned more rapidly than the groups which ran 
on the traditional, level maze. The authors concluded: ‘‘No evidence 
has been adduced to show precisely in what way the factor of inclination 
of pathway caused more rapid learning”’ (89, p. 347). However, it seems 
fairly clear that the introduction of more intense kinesthetic stimulation, 
in the case of the maze with inclined paths, served to offer more dis- 
criminable cue stimuli for learning the maze. 

Distance discriminations. In 1942, Brown (4) selected a maze prob- 
lem which was a purely kinesthetic one. Rats were required to run a 
certain constant distance on a maze straightaway before taking a 90 
degree turn into a side alley. There were several such side alleys, per- 
pendicular to the straightaway and equidistant from each other. Only 
one side alley led to a food reward, and that alley was always the same 
distance from the starting point of the maze. Partial spinal lesions were 
made in 54 rats, and these animals learned the problem to the same 
degree of accuracy as did 43 normal rats. Brown believed that there 
were nerve tracts outside of the dorsal columns which served kinesthesis 
in his rats. Previously, Crutchfield (14) had used somewhat the same 
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type of maze and found that the solution to this distance discrimination 
problem was a statistical matter. A relatively normal curve of incidence 
of choices, with a mode at one alley anticipatory to the correct side alley, 
was found to be the only evidence of learning. None of the animals at- 
tained 100 percent accuracy. Crutchfield found that increasing the 
hunger drive by food deprivation wouid shift the mode toward the 
correct side alley, farther along the straightaway. He believed that the 
discrimination was made on the basis of the expenditure of ‘‘psycho- 
logical potential’’ an intervening variable conceived in order to explain 
the results of his particular experiment. Energy-expenditure cues were 
considered to be counteracted by increased positive motivation resulting 
from food deprivation. 

Crutchfield discussed the interaction between the two factors in 
terms of Lewin’s (62) type of vectorial analysis. Crutchfield assumed 
that two kinds of drive stimuli are capable of neutralizing one another. 
He concluded that ‘psychological distance’’ is partly a function of 
‘psychological need.”” In terms of our own constructs and terminology, 
increasing the energy requirement should act to bring about a shift of 
the mode of responses, in the distance discrimination maze, toward the 
starting point. This suggests an interesting opportunity for experi- 
mentation. 

Another experiment concerning the discrimination of distances by 
rats was that of Stellar, Morgan, and Yarosh (81). These workers used 
essentially the same situation as did Crutchfield (14) and Brown (3). 
After their rats had shown a reasonable degree of learning (similar to 
the distribution of choices reported by Crutchfield and with a mode 
near the correct side alley), they were subjected to operations in which 
cortical lesions were made. These lesions were varied, and when taken 
together as a “composite’”’ covered most of the areas of the cortex. The 
only type of lesion which seemed to affect seriously the distance dis- 
crimination was that involving the frontal areas of the cortex. The 
authors concluded that normal rats performed the distance discrimina- 
tion on the basis of the ‘‘symbolic process” postulated by Hunter (52) 
in order to explain the delayed reaction and double alternation behavior. 
According to the definition of the symbolic process given by Hunter, 
this process is a substitute for missing stimulation, probably involving 
substitute responses, and is capable of being recalled at an appropriate 
time. Providing that the distance discrimination involves a temporal 
delay factor, the symbolic process may be legitimately invoked; and to 
the extent that the rats use surrogate responses such as “counting,” 
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the “‘symbolic process’’ may be invoked without violating the definition 
of the process. But inasmuch as Stellar, Morgan and Yarosh found that 
the distance discrimination was neither based on constant time intervals 
between start and choice, nor based on ‘‘counting”’ the side alleys, it 
would seem that the ‘‘symbolic process’ was not appropriately applied 
as an explanatory concept. Probably the traditional association of the 
“symbolic process’’ with the frontal areas of the cortex was an impor- 
tant factor in the reasoning of these experimenters. But there was no 
conclusive evidence in their experiment which would indicate that the 
lesions in the frontal areas had interrupted the operation of the symbolic 
process. Rather, we would argue that response-produced stimulation 
served as the cue for the correct responses, and that somehow the 
frontal area lesions served to disrupt the normal operation of such 
effects. In this way we confine ourselves to variables which are pe- 
ripheral and more susceptible of independent measurement. 


SUMMARY 


The four categories. of experimentation which have composed this 
history of the literature on response-produced effects have been unified 
by one central theoreticai idea: we have assumed that response-produced 
effects (kinesthesis or proprioception) can serve both as drive, or 


motivating stimulation, and as cue stimulation. Since the work factor 
is assumed to influence the intensity and extent of such effects, the ex- 
perimental problem becomes clear. First, we must find out empirically 
whether variations in effort produce variations in responses which are 
indicative of negative motivation in operation; and secondly, we must 
find out whether variations in effort produce variations in behavior 
which are indicative of changes in cue stimulation or conditioned stimula- 
tion. Most of the experiments cited in this review have contributed in 
one way or another to our understanding of such empirical relationships. 
The general conclusions may be summarized as follows: 


1. In the experimentation on the law of least effort, or law of less work, it has 
been shown that work acts to produce negative motivation, providing a basis 
for discrimination between two distances to a goal. 

2. In studies which have varied effort-per-unit-of-time in conditioning and 
learning, we have seen that the problem of massed versus distributed practice 
is, in reality, two problems: the problem of temporal spacing and the problem of 
effortfulness of responses. It was pointed out that there are many factual gaps, 
suggesting new programs for research, with reference to this kind of problem. 

3. In experiments on the avoidance of repetition of responses, it has been 
shown that temporal spacing is crucial. Analyzed as a problem of distribution 
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of effort, new experiments were suggested, experiments which were designed 
to test the role of effortfulness in the production of non-repeated-responses. It 
was pointed out that the phenomenon of avoidance of repetition of responses 
could be found in many types of experimental situation, with human beings 
and with animals. 

4. In studies on the role of response-produced, kinesthetic stimulation in the 
control of behavior, it was shown that effort or work could operate to produce 
cue or conditioned stimulation in the performance of several types of discrim- 
inations. 


Thus, in addition to the presentation of empirical data which are 
relevant to the central problem of this review, we have tried to suggest 
lines of research which might help to fill in some of the factual gaps in 
the theoretical frames of reference which we have discussed at some 
length. Such suggestions, it should be pointed out, were with reference 
to psychological research, on a behavioral level. 

However, in the introductory section of this survey it was pointed 
out that the use of peripheral constructs would encourage inter- 
disciplinary research, as well as strictly behavioral research. What 
might some of these lines of research be? The simplest, and most obvious 
starting place is the physiology of the kinesthetic system. If, as has 
been postulated, the drive and cue effects of work or effort are mediated 
by this system, then alterations in the physiology of this system, either 
by means of extirpations or drugs, should result in definite changes in 
the relationship of work to the various categories of phenomena dis- 
cussed in this survey. For example, if increased effortfulness of task 
results in more rapid extinction rates under normal conditions, there 
should be an alteration of this relationship when the functioning of the 
kinesthetic or proprioceptive system has been changed. The possibilities 
for such inter-disciplinary experimentation are believed to be numerous, 
and are believed to be important for a more complete understanding of 
the influence of work on behavior. Perhaps at some later date the be- 
havioral phenomena associated with work or effort will be closely tied 
to the physiology of the kinesthetic system. At that time we shall be 
able to measure directly the peripheral constructs used in our theoreti- 
cal discussion ; the constructs will then no longer be logically-constructed 
intervening variables: they will be directly quantifiable, experimental 
variables. Then we shall have to move into the central nervous system 
for the establishment of new intervening variables, encouraging both 
behavioral and physiological experimentation, at a higher level of com- 
plexity. At least, such is the direction implied by the type of theory 
we have used in our analysis of the influences of work on behavior. 
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THE USE OF ADDENDS IN EXPERIMENTAL CONTROL, 
SOCIAL CENSUS, AND MANAGERIAL RESEARCH 


HERBERT A. TOOPS 
Ohio State University 


One studies the sub-societies of a greater or more inclusive society, 
of a research population say, only because of the implication that ‘‘be- 
longing to’’ the sub-society in question is of statistical importance as 
contrasted with ‘‘not belonging to’’ it or, alternatively, as contrasted 
with belonging to a second sub-society. The more general statement is 
to say, abstractly, that belonging to sub-society A implies one behavior 
and correspondingly one average in some important dependent behavior 
variable; while, alternatively, belonging to sub-society B connotes a 
different behavior as implied in the different average obtaining in the 
same dependent variable. Concretely, say, “‘negroes’”’ more frequently 
have tuberculosis than do ‘‘whites’’; while ‘‘negro-women” have it still 
more frequently than do ‘‘negro-men”’; and ‘‘negro-women-waitresses”’ 
perhaps even more frequently than do ‘‘negro-women-school teachers.” 
A complete inquiry, then, will systematically formulate all societies 
(coordinate in mode of origin with the last named, if sex, color and oc- 
cupation are at issue in an experiment), and then ascertain the incidence 
of tuberculosis (or of any other dependent variable) in every one of 
those ultimate breakdown sub-societies or ulstriths,! which are the 
result of a complete sorting of cases on all three traits. In this process 
addends are of great value (1, 16, 17, 18, 19, 20, 21, 22, 23).? 

Addends are numbers which when added yield a code number 
uniquely identifying the ultimate breakdown society to which a given 
person belongs. As will be noticed below they automatically do the 
sorting of cases when ail of a given number of traits are involved in the 
sorting. This article will describe the method, the theory and major 
applications of addends in scientific research. 


1 An ulstrith, (the syllables rhyme with “ul” of “ultimate” and with “kith’’) thus is 
here defined as any one sub-society which is the result in this study of a complete or ul- 
timate statistical sorting of all persons of the experimental population of all the (three) 
traits of the study, here sex, color and occupation. Male-white-farmers comprise an 
ulstrith, as also do female-black-waitresses and female-white-school teachers. An ul- 
strith has as many coordinates (descriptive terms) as there are traits under study in the 
investigation. A society, as here defined, has no geographic or political implications. 

*See also the author’s forthcoming treatise, The Addend Method of Coding and 
Classification. 
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A SYSTEM FOR THE CLASSIFICATION OF HUMAN TRAITS 


The chief purpose of addends in this connection, is to secure a con- 
venient numerical code number, an ulstrith code number, which shall 
meaningfully represent the pattern or profile of traits common to all 
members of any complete-breakdown society in question. If one is in- 
terested only in the possible complete breakdowns, that is, in the 
analysis of one’s data, and not in its possible recombinations (the 
synthesis of the ulstriths), the ulstrith code numbers are formed from a 
taxonomic or classificatory system such as that shown in Table I. 


TABLE I 


A CopinG SYSTEM FOR CLASSIFYING HUMANS BY MEANS GF ADDENDS 











Number 
n of cate- 
Trait gories 
n=0 n=1 n=2 n=3 n=4 (Rk) 








Color m= white, black; browns red; yellow, ki=5 
Marital m 
condition 


Sex m=3 maleg females ky=2 


1 
=2 singleo engageds marriedio ky=3 





* In this and in subsequent tables, the row ordinates will be designated by m, the 
column abscissae by . 


Such a taxonomic table is similar to that of a botany key employed 
by botanists to classify their specimens, if one represents their traits- 
system in such a tabular form. The sub-script numbers of the trait- 
categories of the above table are the addends: numbers which when added 
yield a code number which identifies the ultimate breakdown sub- 
society to which a given person belongs. Thus a black,-marriedo-male, 
person has the code number 11, since the ulstrith segro-married-men 
={1+10+0=11]. This number, 11, stands for only this one ulstrith, 
and for no other. It is a unique code number, by which we mean that 
every such pattern has its own unique code number and every code 
number within the range of the system has its corresponding pattern. 
Thus by way of illustration, whiteo-singleo-male, persons have the code 
number 0; and yellow.-married,o-females,, have the largest code number, 
29; while each of the intervening numbers, 1 to 28 inclusive, has its 
corresponding pattern, as the reader may readily verify for himself. 
For this system there are 30 ulstriths (5X3 X2). 

The addends of Table I are readily found: 


1. In row [m =1] of the table, one appends the addends 0, 1, 2, 3, -- + for 
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successive categories there appearing. Since there are five categories (k,; =5), we 
stop the series at 4 which is allotted to “yellow.” 

2. In row [m =2] the addend in column [n =0] is zero, while that in column 
[{n =1] is one more than the maximum code number formable to date (that is, 
here, one more than 4, or 5); and the entries in subsequent columns of the 
same row-are respectively twice the 5 (or 10) for [m =2]; three times 5 (or 15) 
for [n =3], and so on. Since there is no entry in column [nm =3] this series stops 
at 10 for ‘‘married.”’ 

3. In row [m =3] the addend in column [n =0] is zero; the addend for column 
(n =1] of that row is 1 more than the sum of the maximum addends of all rows 
to date, i.e., one more than 4+10, or 15, which is the addend for “female.’”’ The 
entry for category [m =2] of this row, if there were one, would be 30; and for 
category [x =3], 45. Since there are only two sexes, this series of addends stops 
at 15. (There must always be at least two categories per variable, therefore 
always at least two addends per variable.) 

4. Thereafter we continue in like fashion. Thus if there were a fourth trait 
{m =4] the successive addends of this row would be, for the above system, 0, 30, 
60, 90, 120. . . as necessitated by the number of categories of the system. The 
entry 30 of column [m =1], row [m=4] would be given by 4+10+15 +1 =30. 
If there were only three categories in this variable, the third category [n =2] 
would have the addend 60, and there would be none higher in this fourth row. 


The smallest code-number of any ulstrith always is 0; and the largest 
is one less than the product of k,-ka-ks3-ka ---. In the above problem 
ky-ke-ke=[(5 X3 X2 =30]; so our maximally-sized ulstrith code number 
is 29. And the sum of the three maximum addends of the three rows is 
[4+10+15 =29], which is a check on the correctness of formulation of 
the coding system. 


A Simple Addend Coding System, with Precoded Addend Categories 


The above table is not in most convenient form for facilitating its 
use in wholesale coding. Let us consider a somewhat smaller example, 
of three traits each of two degrees, arranged in a form suitable for elec- 
tion by a job-applicant. Table II shows such an “enrollment”’ or ‘‘appli- 
cation” blank. Like the previous illustration this one preferably also 
should be qualitative rather than quantitative, as exemplifying the 
greater degree of generality,* and also as being, pedagogically somewhat 
more easily verbalized in our everyday language and hence more readily 
comprehended. Whatever is found to work with the more complex 
qualitative variables surely will work with the simplef quantitative 
ones, even though the latter are more difficult to verbalize.‘ 

* Quantitative data are that special case of qualitative data, wherein (1) the categories 


have intrinsic order and (2) are, or are assumed to be, at unitary distance apart on a 
continuum. 


4 The application, of course, is identical. Quantitative variables generally may be 
recuced to tertiles, quartiles and the like as one mode of having, as obviously is desirable, 
only a few categories per variable. 
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* (Ulstrith Code Number 
of this female-white-married 
person. Easily verified by key- 
drive adding machine.) 


Ulstriths. The eight possible patterns of answer to this ‘‘question- 
naire’ give rise to eight corresponding ulstriths, the code numbers of 
which are 0-7. Thus ulstrith 0 is composed of the maleo-whiteo-singlesy 
=(0; the ulstrith 1 is composed of the female;-whiteo-singlesp=1, and so 
on, The complete list is as follows: 


TABLE Il 


Explanation: A registrant has X-ed one of the 
two categories in each of the three traits, to indicate 
that she is a female-white-married person. Adding 
up the addends to the left of the answers so elected 
we see that her ulstrith code number is 1+0+4=5. 
All people of the ulstrith white-married-women 
have the code number 5, when there are only these 
three traits with the categories of the coding table. 
These ulstrith code numbers are unique; every pos- 
sible pattern of person has an ulstrith code number, 
and every code number from 0 to 7 inclusive has a 
corresponding pattern. There are eight ulstriths: 
2X2 X2. 

With the ulstrith code numbers of a given popu- 
lation available, we now may proceed to recombine 
the people, or the frequencies, in ‘statistically 
meaningful” ways. Thus, ulstrith 5-+-ulstrith 
7 =the strith married-females, for which we have 
thus far no code number. These people in combina- 
tion in general are both greater in number and less 
homogeneous in traits than either of the two com- 
ponent ulstriths, 5 and 7. They are also less homo- 
geneous in any behavior characteristic, or criterion, 
which is “causally” related to the three variables of 
concern here. 

Again ulstrith 4+-ulstrith 6=the strith married- 
males, for which society we also have here no code 
number. Now by combining the two striths mar- 
ried-females and married-males, we arrive at the 
strith the married. Similarly, starting all over again, 
we may arrive at the strith simgle-males and then 
the strith single-females, and a combination of these 
two yields us the strith the single persons. If now, 
finally, we combine the married and the single per- 


sons we arrive here at the experimental, and least homogeneous, population, N, charac- 
terizable in this experiment only by the appelation people. 

Clearly, the homogeneity index, oo, bears in general an inverse relationship to the 
number of appellation categories required to label or describe the strith. 
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0 = male-white-singles 4 = male-white-marrieds 
1 =female-white-singles 5 =female-white-marrieds 
2 = male-black-singles 6 = male-black-marrieds 
3 =female-black-singles 7 =female-black-marrieds 


Clearly the system enables us to analyze the data completely; but it 
makes no provision for coding those synthetic societies referred to in 
the small-type “‘explanation’”’ of Table II. 

Siriths. The number of striths, or meaningfully aggregated popula- 
tions, even for this very simple case, three traits of two categories each, 
greatly outnumbers the ulstriths, for there are nineteen such, namely: 


Male-whites Males 
Male-blacks Females 
Male-singles White-singles 
Male-marrieds White-marrieds Whites 

Black-singles Blacks 
Female-whites Black-marrieds 
Female-blacks Singles 
Female-singles Marrieds 
Female-marrieds 

N (or ‘“‘people’’) 


From the viewpoint of a breakdown on four traits, a more detailed 
study than the present one, what we have in this study called ulstriths 
would become striths, that is to say, compositional groups which could 
be aggregated from the still greater (four-trait) breakdowns where four 
appellations always characterize an ulstrith. 

Aggriths. We now also may combine the eight ulstriths of our ex- 
ample in statistically non-meaningful or non-consistent ways. Thus the 
[male-white-singles=0] plus the [female-black-marrieds=7] cannot be 
called a strith, because there is no two-categoried statistical term 
descriptive of this amalgamated population.’ It accordingly is describ- 
able only as an aggrith; not as a strith. So also is an aggregation of the 
female-blacks plus the male-whites; and of the males plus the white 
females. 

The aggriths greatly outnumber the striths because of the former 
there are 228; or 255 if we employ the term “aggrith’”’ to mean any 
aggregation of ulstriths, thus involving both striths and ulstriths as 


5 This can also be inferred from two other facts: (a) Two ulstriths are here needed 
(when m=3 traits) to comprise each two-appellation strith, but each of these two ul- 
striths must have embodied in its description the description of the two-appelation 
strith which it forms when combined. (b) In the trait-description of the striths 0 and 7, 
no single appelation is common to both ulstriths. The aggrith formed of ulstriths 0 and 
7 may or may not be of interest to the sociologist. 
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limiting cases of aggriths,* as is done by means of the recombination 
addends of Table III. 

Recombination Addends. The statement of the preceding paragraph 
may be made all the clearer by employing a recombination addend 
coding system based on the ulstriths as the available-for-recombination 
elements. In Table III the above eight elements are recorded with their 
ulstrith code numbers as determined from the preceding Registration 
Blank (Table II). In a column at the right each of these eight is given 
a recombination addend, in the 2"~' system of addends appropriate to 
this situation. The eight ulstriths may be combined (a) in all possible 


TABLE III 


A CopinGc TABLE To YIELD AGGrRITH CopE NuMBERS oF ALL PossIBLE COMPOSABLE 
SOcIETIES BY INTEGRAL RECOMPOSITION OF ULSTRITHS 











Ulstrith Recombination 
Code Numbers Trait-Pattern-Description Addend of Ulstriths 
(From Table IT) of Ulstrith Societies (To code all possible 
m—1 aggriths) 

0 male-white-singles 1 
1 female-white-singles 2 
2 male-black-singles 4 
3 female-black-singles 8 
4 male-white-marrieds 16 
5 female-white-marrieds 32 
6 male-black-marrieds 64 
7 female-black-marrieds 128 


—_—_—_— 


Total number of composable aggriths 255 





aggregations of one (eight in number), (b) in all possible aggregations of 
2 (28 in number), (c) in all possible aggregations of 3 (56 in number) .. . 
in all possible aggregations of the 8 component ulstriths (one in num- 
ber). This requires a 2"~' system of addends. 

Explanation of Table III. The eight ulstrith code numbers, 0-7 inclusive, 
are ascertained from the Table II coding system by considering every one of the 
eight possible patterns of response, m-n-p=(2X2X2=8]. Thus the three- 
appellation descriptions of the trait-pattern description are determined by the 


* The aggregation of aggriths, a statistical procedure, means the accumulation of ‘:v- 
quencies of sub-groups each of which has a consistent definition. Accordingly, if the ma.cs 
(a strith) have a frequency of 50, and the female-blacks (a strith, or ulstrith depending 
on the complexity of the breakdown situation) has a frequency of zero, a combination 
of the two (an aggrith, because the groups combined are non-consistent) has a population 
of 50, s0 that obviously the definitions of strith, ulstrith and aggrith merge in this limiting 
situation. 
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order of the traits in Table II, and by the addends of the several categories in 
each variable or trait. The recombination addends accordingly are the numbers 
1, 2, 4, 8 +--+ 2", where m is the number of elements, here 8, which may be 
recombined in every possible combination. The order of their assignment may 
be arbitrary, random, or systematic, but we have ascribed them above in order 
of the size of the ulstrith code numbers. In such a system, the aggrith code 
number of “‘singles’’ is [1 +2+4+8 =15]; and that of “‘marrieds,”” [16+32 +64 
+128 =240]. These two, when combined are N, our parent population, which 
thus has the code number 255. An aggrith composed of the male-white-marrieds 
(16) plus the female-black-singles (8) has no name, but has a perfectly definite 
aggrith code number, [16+8 =24].’ 

There are 255 aggriths in all, 2* —1, these involving eight ulstriths taken one 
at a time; 28 aggriths formed when the ulstriths are combined two at a time of 
which only 12 are statistically consistent striths such as male-whites, as shown 
above; 56 aggriths formed by adding all the possible combinations of ulstriths 
in threes, none of which in this example is statistically consistent; and so on. 
Or finally, in summary: 


Taking ulstriths Frequency of 
by aggriths 
1’s 8 (All eight are ulstriths) 
2’s 28 (Twelve are striths) 
3’s 56 
4’s 70 (Six are striths) 
5’s 56 
6's 28 
7's 8 
8's 1 (This one, N, is a strith)® 


Total number of aggriths 2558 


The problem of ascertaining from the aggrith code numbers themselves the 
identity of those which are striths, has not been solved. We would like to hope 
that there is a simple solution. If some method of noting automatically this 
fact could be devised—if for example the recombination addends could, some- 
how, be considered ‘“‘decimal”’ portions of the ulstrith code numbers, so that 
the proper combination of them would add up to the strith code-numbers—it 
would be of great potential value, because adding mechanisms could perhaps 
be made systematically to combine the ulstriths in all possible combinations 
and perhaps specially mark (asterisk) the striths which in that event would 
occur with zero decimal portions. The problem should appeal to the specialist 
in number theory as well as to the designer of calculating machinery. 

A frequency column of Table III, plus the column of ulstrith code numbers 


7 In this recombination addend system 24 is a unique aggrith code number, that is it 
corresponds to this combination of two ulstriths only; and it can be formed from no 
other combination (of any number) of ulstriths. 

® If we count the eight ulstriths as striths, which we do in the parentheses of the fre- 
quency table of the explanation immediately above, there are 27 striths. This corre- 
sponds to (m-+1)(m+1)(p+1) =[(3)(3)(3) =27]. 
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taken together comprise a complete meaningful statistical analysis of the data. 
A similar frequency table of the 255 aggriths is a complete statistical synthesis 
of the data. No more analyses or syntheses are possible if the ulstrith popula- 
tions each have unit weight in our reckonings. 


The following is a classification-system which codes all the mean- 
ingful striths as well as the ulstriths, but not the non-consistent aggriths, 
for the above, three-traits-two-categories system: 


Sex: total» male, females 
Color: total» whites blacks 
Marital Condition: totale singles marriedis 


For coding, the same procedure as previously employed prevails 
here: namely, one elects one addend from each row of the table. Thus 
the strith white-marrieds has the code number, [(0+3+18=21]; the 
strith males, has the code number [1+0+0=1], etc. It will be noted 
that total categories are involved one or more times in inverse relation 
to the number of descriptive terms used in the description of a strith— 
or in direct proportion to the number of traits disregarded or not broken 
down and hence not appearing as categories in the trait-description of 
the strith in question. In other words, and briefly, in the system above 
one simply adds the addends of any number of categories involved in 
the description of a strith,® and the resulting sum is the code number of 
that strith. 

A coding table for the system in Table I, which codes the striths as 
well as the ulstriths, gives the following 72 ulstriths and striths com- 
bined :!° 


totalo white, blacks browns red, yellows 
total» singles engagedis marriedis 
total» malex femalegs 


* It will be remembered that a strith has at least one descriptive term less (the limit- 
ing case being no terms at all) than is required to describe an ulstrith or in general, 
if we have m variables, all consistent complete aggregations of striths of (m-k) descriptive 
terms are themselves striths, where & is an integral positive constant not larger than 
m, in size. Where & has its limiting upper value of m, we have no terms at all, and the 
population is N which means no analysis or, alternatively, complete synthesis. 

1° Clearly also the limiting case of a strith is an ulstrith, when we combine two con- 
sistent ulstriths one with a real frequency and the other with zero frequency, thus: 


Matle-Dlack-matried ......... ..ccccokeectssces 125 
Female-black-married.................++. 0 
Total (black-marrieds)............-.+-0: 125 


The black-marrieds, in this case, are both a strith and an ulstrith. 
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A meaningful, or statistically consistent, analysis-synthesis table of 
the classification system of Table II (analogous to Table VI below) ac- 
cordingly would have 27 cells in the body of the table. It consists of the 
eight ulstriths and the 19 striths or 27 ‘‘societies of statistically consistent 
aggriths.’’ For the non-consistent aggregations we propose the name 
“non-consistent artificial societies’’" in contradistinction to the natural 
ones, or striths, all of which have simple and consistent categorical de- 
scriptions. 

As an existential reality a statistical ‘‘society’’ may consist, then, of 
only one person, the sole representative of a given ulstrith in an experi- 
mental population; or as a logical verbal reality, even of no persons, 
when there are no representatives of a to-be-expected ulstrith in a given 
experimental population. Striths, by similar definition as aggregates, 
have a minimum possible individual frequency of zero in the experi- 
mental population as also do aggriths.™ 

Demography is thus defined as the enumeration of ulstriths and 
striths. Its meaning can be readily extended to encompass that of ag- 
griths as well, when and if practical use can be had for such aggregations 


Basic THEORY 


Now that we have had an exemplification of the method of classify- 
ing ulstriths and striths, let us return toa consideration of basic theory. 
Certain points need to be reiterated, and others to be made. By way 
of emphasis and expansion, then: 


1. Any sub-population of people of identical or homogeneous trait-pattern 
will tend to be more homogeneous as to behavior than the parent population, N. 
This is a basic notion of differential psychology. 

2. Any statistically defined complete sub-population of a larger population, 
N, by definition is more homogeneous in traits than the total population. It 
also will be more homogeneous in respect of any dependent behavior variable, 
or criterion, #f that dependent variable bears other than zero validity to the 
trait-pattern in question. 

3. The more valid and relatively independent the traits involved in the 
trait-pattern, the more homogeneous will be the behavior variable of the sev- 
eral persons comprising any such trait-pattern. The limit of this principle is 
reached when we have at hand a perfectly valid battery of variables (either 


" It will be observed that striths may be formed by a simple sorting of punch-cards 
by sorting successively on at least one fewer traits than the total number of traits. 
Aggriths, correspondingly, in general, are the result only of sortings and partial sortings 
plus partial amalgamations. 

In the simplest possible case of patterns, involving two traits of two categories 
each, there are six non-consistent artificial societies. 
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qualitative or quantitative) and a single quantitative criterion” variable Xo. 
In that event every possible statistically-complete-breakdown sub-population 
of the total, every ulstrith, will have a differential criterion mean—each different 
in magnitude from every other such mean™“—and a zero variability of its 
attached criterion scores, oo, =0. 


The above principles are true, both by mathematical definition and 
as an observation of experience. Accordingly they suggest the high 
desirability as a research strategy of making a statistically complete- 
breakdown of one’s experimental population on the most valid and 
relevant ‘‘causal”’ variables one can marshall, and of then noting the 
relationships that prevail between the trait-patterns on the one hand 
and the criterion variables on the other. This suggests at once the 
desirability—nay, the necessity—of two control conditions: 

1. That there be as few variables as possible, but that these few possess 
maximal uniqueness for the purpose at hand—e.g. high validity as a battery, 
and low intercorrelations of the tests—for maximally encompassing the measure 
of the different basic factors ‘“‘causative” in this particular problem. 

2. Only a very few categorizations per variable. Unless one has an all but 
infinite experimental population this requirement is necessary; for if the several 
“test’’ variables have m, n, p, - -- categories respectively, the parent popula- 
tion may be broken down into m-n-p--+-+ sub-populations, and this product 
can be very large. Obviously each resulting population of this complete break- 
down in general must have a sub-population frequency large enough to yield 
differential criterion means of an acceptably low probable error. This require- 
ment is met only by having the number of sub-populations small. 


Regardless of the statistical method employed, assumptions are 
made of the above sort. And in addition, as will be shown below, we con- 
ventionally disregard one implication that is very important, namely, 
that our research population is thoroughly representative, as to com- 
position, in these ultimate breakdown sub-societies, or ulstriths, of that 
subsequent society to which the research findings are to be applied. 

A little reflection shows that ‘‘thoroughly representative”’ implies: 
(a) that every ulstrith of the subsequent application-population shall 
have typical compositional counterparts in the experimental-population; 
but also, (b) that these ulstriths shall occur in the same proportions in 
both populations. 


8 A criterion, it will be remembered is any variable which one wants to predict: pro- 
ductivity, scholarship, delinquency, criminality, reformation, cooperativeness, which has 
an individual quantitative index for each of the experimental persons. 

44 These means, under the circumstances mentioned, outline the locus of a perfectly- 
fitting surface, of net-like values, in (#+-1)-space. 

46 Matched control experiments habitually have one person of the control group 
matched with one person of the experimental group, but obviously two might match one, 
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The first condition often fails to obtain, while the second rarely ob- 
tains, even approximately. If the several ulstriths have dependable 
means, or if these may be approximated in some cases by interpolation, 
then the fact that the second does not obtain- need not be fatal. The 
means being taken as representative, these may be weighted in the 
standard proportions of the ulstriths of the reference population (the 
‘basal year’’) to note what statistic presumably would obtain if only 
the application population had had the compositional characteristics of 
the experimental population of the basal year. Concretely, the validity 
of a test may be reported, not as the validity actually obtained but 
rather as the validity which we would have had had our application 
population been of the same composition as that of the experimental 
group in the basal year. Accordingly the composition of the experi- 
mental population of the basal year is a matter of much concern in 
setting up a study. 

The disregard of the ‘‘allowable-for-adequate-research’”’ composition 
of the experimental group will be found, we believe, to be one of the 
greatest of the faults of published researches in the bio-social sciences to 
date. It leads to non-comparability of statistics. 

If the two above conditions obtain naturally, or if artificially they 
are secured by such expedients as the employment of crude groupings in 
the independent variables and in the criterion (if the latter also is to be 


involved) then addends are a very convenient method of experimental 
control. 


Enps ACHIEVED BY ADDENDS 


Addends may be ascribed to the categories of each of the several 
variables to achieve ends such as the following: 


1. The sum of the addends appertaining to the several categories 
descriptive of any given person becomes a unique code number of traits 
of that person with the following highly useful sub-properties: (a) this 
code number is a convenient statistical (numerical) and meaningful 
(as-to-traits-involved) identification of the ulstrith to which a given 
person belongs. All persons of the ulstrith have, by definition, a common 
code number. (b) Any statistically consistent and meaningful recom- 
bination of the ulstriths may be engineered. Each such statistically 
complete and consistent aggregation gives rise to a cell-entry of a com- 





or three might match two, and so on, consistently throughout, by the simple procedure 
of dealing only with relative statistical measures, percentages, centiles, ogives, or other 


measures in which direct comparison of cases is not involved, such as means, standard 
deviations, etc. 
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pound contingency table of what may be called the complete statistical 
composition (Table VI). (c) The ulstriths are thus the building-blocks 
out of which amy composable, statistically consistent, population— 
including our total research population—may be compounded by simple 
aggregation. From these also all the possible aggriths may be ag- 
gregated. Such numbers would obviously be useful in studies of per- 
sonality ‘‘types,” clinical syndromes, and social ‘“‘systems’’ (2, 4, 8, 9, 
11, 12, 24, 25, 26). 

2. The ascertainment of these ulstrith code numbers for individuals 
may be done almost automatically from pre-coded questionnaires. 
Their subsequent statistical utilization necessitates no actual sorting of 
cards, save one (hand) sorting of the ulstrith code numbers recorded on 
the basic personnel cards of the individual registrants. The resulting 
frequency-table of the ulstriths is a complete sictistical trait-analysis of 
the N persons. (This frequency-table involves Column 1 of Table III 
plus the corresponding frequency-column, not included in Table III.) 

3. The dependent variable (criterion) may also be subjected to the 
same addend coding and aggregating treatment with the result that the 
system then is capable of yielding us a potentially complete recombina- 
tion in every statistically meaningful way (‘‘validity and intercorrela- 
tions’’), yielding us all the possible formable striths of the data. In this 
recombination we may have a choice of: (a) recombining the ulstriths 
in entirety, i.e., weighting the frequency of each ulstrith 1.0; or (b) re- 
combining the ulstriths with differential weights into artificial societies, 
of which ‘“‘standard millions’ are one example, to achieve the ends of 
stratified sampling; that is, the creation of an artificially standardized 
composition of the persons assumed to comprise, and thus artificially 
made to become, our research population. 

4. The complete statistical recombination of all possible non- 
meaningful'® aggregations, or aggriths, may also proceed with dispatch 
from the ulstriths, either (a) by merely recombining the discordant or 
partially discordant ulstrith populations in entirety, each added into an 
upbuilding aggrith with a weight of 1.0; or (b) by a relative weighting 
of the ulstriths involved in a recombination. Clearly any population now 
available and employed for research in general resembies an aggrith 
rather than a strith; although “controlled experimentation” in general 
presently is striving at a crude approximation to a sampling of striths, 
rather than ‘standard millions.’’ Controlled experimentation obviously 
should become “standard million’’ experimentation; that is to say, 
should have regard for the relative frequencies of the component 
ulstriths. 


16 Perhaps we should say ‘“‘non-customary,” since .., one now consciously seeks such 
recombinations of ulstriths, while the meaningfulness or value of such is yet to be deter- 
mined. An aggrith is a statistically circumscribed population; and any consistently 
describable population is a legitimate potential study-population. 
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5. The collection of periodic routine institutional statistics, say 
personnel statistics, may be greatly facilitated by the same methods. If 
a single dependent variable is available, for example, a simple sorting— 
with frequency-counting of this criterion (Y) against all the ulstriths 
(X) in a two-way contingency table—will yield a table showing a com- 
plete statistical analysis of the validity of the statistics. If more than 
one criterion variable is available, each new such two-way sort (Y2, X) 
yields us an additional complete breakdown of the trait-patterns (X) 
in relation to the criterion named. 

6. Finally, in accord with (3) above, one may code by addends all 
criterion variables, enter them into the coding medium with traits, with 
the result that the one hand-sorting of the registration media thus 
coded makes a complete analysis of all the data, both traits and multiple 
criteria. This of course has the disadvantage of unduly increasing the 
numbers of ulstriths while correspondingly decreasing the frequency of 
each; and consequently of making it necessary to code the criterion or 
criteria into a very few categories. A better solution, in some cases per- 
haps, is to have one ulstrith of the traits and another of the several cri- 
teria, say of monthly personnel indices. Then the criterion ulstrith code 
numbers may be periodically recomputed as they change with time 
without involving the tratt ulstrith code numbers." 

7. By ascription of the addends in the particular fashion outlined 
above, involving the ascription of the addend “‘zero’’ to every formable 
“total,’’ every consistent synthetic population (strith) has a unique code 
number which 1s the sum of the addends of its component category designa- 
tions. Correspondingly each strith and each ulstrith has its unique 
position in a geometrically inclusive and systematically complete sta- 
tistical analysis-synthesis table of the data (see Table VI). This coding 
of sub-totals, totals, and grands totals not only facilitates verbalization 
but also prevents clerical errors in their recombination. 

These properties make it possible to employ very unskilled statistical 
help, and yet to achieve very highly accurate statistical tables. It tends 
to maximize the effectiveness of verbal directions and to result in a 
minimum of misunderstandings between supervisory and subordinate 


11 This statement assumes that there are no drop-outs from the experimental popula- 
tion with time. By the time of college graduation many ulstriths will have entirely 
disappeared, from the original college-entering population, say, viz. those of low intelli- 
gence, poor preparation, bad study habits, bad emotional adjustment, etc. To minimize 
such effects one may conduct the study only after the follow-up has been fully completed, 
or after the destiny of individuals may be assumed to be settled, say after seven years, 
normally, after college entrance if graduation from college is the issue. Traits also, where 
periodic reports of ‘‘success’’ are to be made, may be divided into at least two sets, the 
fixed traits (sex, color, state of birth, etc.) and the changeable ones (education, marital 
condition, number of dependents, etc.) with a sub-ulstrith in each, and an ulstrith which 
is the sum of the two sub-ulstriths for each person; with at least one of these, the fixed 
sub-ulstrith, not changing for the individual at any subsequent report. 
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personnel. Such coding tables as those presented in the last two clas- 
sification systems—-where ‘‘total’’ always receives the addend zero— 
provide a beautiful set of checks and cross-checks on the correctness of 
the aggregating of sub-societies and their frequencies. Such checks are 
provided not only in punch-card tabulation, as explained in (8) below, 
but also in table construction (whether aided or not by punch-cards or 
other devices) where ulstriths and striths have their orderly arrangement 
in stock form-tables with numbered compartments ready to received 
their corresponding frequencies. (See ‘Generalized Table Construc- 
tion’’ below.) 

8. In the amalgamation of ulstriths to form striths, the whole 
process may be carried out on an IBM tabulator from punched cards, 
each of which represents an ulstrith with its attendant data. 

Let the categories of the several variables involved in the ulstrith be 
coded with addends, analogous to the last two classification schemes 
where ‘‘total’’ has the addend zero, in place of the usual purely arbitrary 
code numbers. Let the m several categories of traits, involved in an 
ulstrith, be punched into m several successive fields of an IBM card, 
followed, in an (n+1)th field, by their sum, the ulstrith code number of 
the card in question. 

In the (+2)th field will be punched the frequency of the ulstrith; 
while for managerial research in still other fields there will be summated 
criterion first gross-moments, 21, 2 Y2 etc., of any number of criterion 
variables, other gross moments, product-moments, and the like. These 
now need to be aggregated. When those cards which compose a strith 
are placed together (according to those ulstriths whose aggregation is 
known to comprise the strith in question—and a method of making this 
determination automatic is much needed) the strith will be outlined as 
a series of bright-light holes, in columns 1—n, while the ignored traits 
(totals) will be opaque in all probability. This checks the fact that all 
cards included are members of the strith in question. Obviously, how- 
ever, this is no check on whether all ulstriths belonging to the strith 
are present. A tabulation (addition) of the cards in the IBM tabulator 
leads to the following statistical checks: 


a. The sum of all the listed control addends of all the traits involved in an 
ulstrith will check with the ulstrith number; that is to say, a horizontal addition 
of the traits listed in an ulstrith checks with the listed ulstrith code number. 

b. The sum of all the summated control addends on all the traits of all the 
cards tabulated into a strith, will check with the sum of the summated con- 
stituent control ulstrith numbers; that is to say, ulstrith code numbers act as 
S-checks on the traits involved therein. 

c. The sum of all the tabulated addends of all the traits of the persons in an 
ulstrith will check with the tabulation of the ulstrith numbers, that is with No: U 
where Ny is the frequency of the ulstrith, and U is the ulstrith code number. 
d. The sum of all the tabulated addends of all the traits of the persons in a 
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strith will check with the tabulation of the constituent ulstrith code numbers, 
that is with Nu,-Ui+No,:U2+---. 


The four generalities noted above would seem to constitute an im- 
portant generalization in view of the fact that they enable us to gain 
and to maintain control of the social composition of a tabulated group. 
It thus would seem to complement McPherson's control of signs. Both 
are essential to generality of tabulation machine operations. 

It enables the aggregating to be done on punch-card tabulators with 
a minimum of chance for error. If the S-checks hold, then a supposed 
strith will have the required predeterminable number of listed entries, 
the to-be-expected common pattern of traits in all parallel columns of 
the listed record, while the to-be-expected strith number actually 
emerges from the tabulation otherwise some other (false) number 
emerges and the listed record betrays a false extra inclusion, though 
not an omission. The logic of the above will be apparent to those who 
have worked with summary-card totals of homogeneous sub-societies. 
This is a logical method of coding such sub-societies for their subsequent 
amalgamation. 


APPLICATIONS TO RESEARCH AND MANAGERIAL PROBLEMS 


It now should be clear that the recombination of ulstriths into 
aggriths—some of which are statistically meaningful striths with ul- 


striths as a limiting lower case—holds the key to a number of important 
research and managerial situations. The following are examples. 


Stratified Sampling 


Clearly the population to which a statistical finding, a multiple re- 
gression equation, for example, or a set of norms, is to be applied must 
be thoroughly representative of the original experimental population 
and vice versa, because the statistics of composite populations apply." 
Since this is the case the better norms of a test, say, may result from 


18 See the author’s chapter on this in his forthcoming Computational Statistics. In 
particular, however: 

1. As to means of composite populations: Aggriths give rise, when accumulated, to a 
weighted value falling somewhere between the two most extreme means of the sub- 
populations of which it is composed. 

2. As to standard deviations of composite populations: These may be larger (without 
limit) than the sum, even, of the several standard deviations of their component popula- 
tions, or smaller than any of its components in rare cases, exceeding zero however. 

3. Correlations of composite populations: These while restricted to the range —1 to 
+1, may exhibit such anomolies as: (1) two or more low negative correlations when 
combined as one population may yield a high positive correlation; (2) two or more low 


positive correlations when combined as one population may yield a high negative cor- 
relation. 
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throwing away some of the cases and basing them instead on a carefully 
selected population, which shall have some of the characteristics of a 
“standard million’”’ in which “replicability, after a generation, of a given 
culture’’ is the guiciing idea. Mere numbers of cases alone do not guar- 
antee the value of a study, the theory of probable errors to the contrary 
notwithstanding. 

The correction-for-range correlation formulae, for example, are pre- 
sumably unnecessary; or rather, perhaps, are an approximation of the 
correlational result which actually would obtain in a “standard million,” 
replicable, population. 

A stratified sample obviously needs to ‘‘control’’ those variables 
which have substantial 6’s in the multiple regression equation; that are, 
in other words, ‘‘casual.’’ This of course rules out many problems akin 
to the example above of sex, color and marital condition.’* It does em- 
phasize, however, among other things the need for early ascertainment 
of (a) the basic aptitude variables of human behavior, the independent 
variables of the unique, human profile; (b) analogous basic social rela- 
tionships (it is axiomatic, for example, that a substantial portion of a 
married man’s traits are, or may be, his wife’s traits, and vice versa; 
and those of a school-child, his teacher’s, although this may be largely 
a (causally) one-sided relationship) ; (c) similar basic indices of environ- 
mental, situational and of cultural ‘‘causes.”” When these are ascer- 
tained for individuals of an experimental population, by whatever 
method, conceivably they will necessarily meet the mathematical tests 
of ‘‘factor theories.” 


The Interpretation of Indices 


This problem in reality is but an aspect of the preceding one, but 
its importance justifies this special emphasis. Indices in general are 
comparable only when based on a comparable composition of persons. 

A concrete application of this principle is found in the case of sick- 
ness absences during the war. Let us assume that men workers have a 
sickness index, per year, of 9 while women have a sickness index of 21, 
which is not too far “off’’ from the facts in certain groups of govern- 
mental wartime employees. Let us further assume that on January ist 
the force consists 100 percent of men but that on December 31st of the 
same year it consists 100 percent of women, a complete change-over, 


19 A curious habit of researchers, and of other observers of facts, is to employ the cus- 
tomary categories of their predecessors regardless of their relevance or validity. News- 
paper reporters, for example, always tell us the age of the reportee, when his occupation, 
education, experience or interests—to mention only a few—would in many or most cases 
give us a better insight into the situation reported. 

Availability, rather than pertinence, obviously was the basis of choice of the vital 
statistician’s ‘‘standard million” for comparing death rates on “comparable compositions 
of population.”” Who knows what are the “unique traits” for death? 
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with a constant daily number of replacements consistently throughout 
the year. Under the conditions assumed, it takes no statistician to tell 
us that if there has been no change of the two respective sex (strith) sickness 
rates over the reporting year, the sickness indices of the force (no differ- 
ential turnover assumed, and equally long months implied) will be as 
follows: 


Date 
January 1 
February 1 
March 1 


December 1 
December 31 


And every one of the twelve indices of total force from 9 to 21 im- 
plies—and therefore is to be interpreted as—exactly the same basic fact, 
namely: ‘“‘No change in the sickness rates of employees!’’ Empires 
have fallen on less provocation. 

Other reputed cases of this sort are the well-known differential salar- 
ies of males and females ‘“‘doing the same work’’; the better college 
achievement of private-school graduates vs. public-school graduates; 
and the greater “‘culture’’ of Latin students than technical school stu- 
dents. In all such cases the statistics of the several ulstriths may reverse 
or greatly change the uncritical conclusion. 


Control of Experimentation 


It is clear, then, that in controlled experimentation one must control, 
in theory at least, ulstriths rather than striths. The composition—the 
relative frequency of ulstriths—is all-important. As the Literary Digest 
found to its sorrow, telephone-subscribers (a strith), are not a representa- 
tive group of ‘‘voters."’ Actually, the ulstrith ‘“‘no telephones-Demo- 
crats’’ outbalanced the ulstrith ‘‘telephones-Republicans.’’ The demo- 
crats (a strith) received a landslide. One very significant statement here 
is that such matters undoubtedly have a history, depending on eco- 
nomic and cultural changes and cycles, and therefore cannot be settled 
once for all by ulstrith allocation of individuals if the weighted index of 
a “standard million”’ is to be currently true-to-life. Cultural and time 
changes are facts. 


Generalized Table Construction 


With m variables to be tabled there are various ways in which a table 
may be written as to the basic mechanical arrangement of the variables 
involved. Thus, if we have two traits, “sex’’ and “marital condition,” 
we have a choice of the six types of tables shown in Table IV. 
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TABLE IV 
Types OF TABLE ARRANGEMENT: Basic VARIATIONS 
4 B 
= ¥ = 
, gee gta RS 
= a 
n = | a 
y |——-——_ Y | 
| = » | =| 
g ? 
x 77) si _ 
| 
xX Xx 
c D 
| Single | Married | Female | Male 
Male | | Married | | 
Y EA Y 
Female | | Single | | 
X 
E F 
Female Male Single Married 
* Single | Married | Single | Married Female| Male | Female} Male 
Y 
| 
| | 
X A 


* Whether such legends as “female” in A or “single” in B are written vertically or 
horizontally is immaterial. Also we neglect the effect of order (permutations) of the 
categories w:thin a given variable such as “‘male’’ and “‘female.”” From the viewpoint of 
basic arrangements, these are immaterial. The order of the categories in respect to the 
addends appended does affect markedly the resulting code numbers, as may be seen from 
C and D. 


The six tables of Table IV neglect relative rank order and therefore 
direction of ascension on a continuum. Having elected, according to 
convenience, to reproduce any one of these modes of ordering the vari- 
ables, one may readily append the addends (Table V) in such a way as 
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to: (a) secure a neat, compact and orderly table of every ulstrith and of 
every formable strith thereof; (b) yield a continuous series of code num- 
bers for the above, ranging from 0 (the code number of NV) to the maxi- 
mum one, (ki-ke:ks...Rm)—1 (with these. arranged in a normal, 
habitual reading order within the body of the table). That is, the code 
numbers progress from left to right within the rows, and those of the 
rows themselves progress from top of page downwards to the bottom of 
the page. (Table VI.) The steps needed to achieve this are the following 
(to be illustrated below in Tables V and VI): 


1. Introduce into the type of table selected (i.e., one of the above six if 
this example were taken) a columnar total section to the left of all other co- 
lumnar sections, after the fashion favored by the U. S. Census. 

2. Introduce into the table a row total section at the top, i.e., above all other 
row sections. 

3. Introduce a total sub-section on a total column, as necessitated by the 
table complexity, at the /c;t of every columnar sub-section and, similarly a total 
row sub-section or a total row as necessitated by the table complexity at the 
top of every row sub-section of the table. The sub-sections herein referred to, 
if any, will each have a total column and total row respectively, analogously 
located in common with all other coordinate sections. 

4. Assuming that the code numbers of the complete analysis-synthesis table 
are to read from left to right, and from top of page to the bottom, according 
to normal reading habit, assign addends to the categories as follows: 

a. To the m categories of that trait at the top of the table the repeated classes 
of which is nearest the body of the table, ascribe the addends 0, 1, 2,3 - - *m-—1; 
where there are m categories in the variable. Repeat this classification (+1) 
times if there is only one other columnar-heading trait having m categories. 

b. To the categories of the second trait heading, immediately above, i.e., 
superior to the previous trait in the column headings, ascribe the addends 0, 2m, 
3m+++(nm—1)m. Note that all save the initial addend of a given variable are 
multiples of a number 1 larger than the maximum code number formable to 
date from the inferior (i.e., previously decided and smaller) addends of the 
preceding trait. (If the data were in punch-cards, this trait would have been 
sorted next-to-last, or third, of the four traits involved.) 

c. To the p categories of the third trait, which may be, according to choice, 
the second superior column heading of the table, ascribe the addends, 0, 1(mn), 
2(mn), 3(mn) ---(b—1)(mn). Thus in Table 3, m=3 and n =3, so we give 
the addends 0, 9, 18, 27, 36, 45 to “total, single, engaged, married, widowed, 
divorced,” respectively. And this trait may also be placed, as is done in Table 
VI, next to the body of the table in the stub-headings. 

d. To the g categories of the fourth trait, here the third superior trait (with 
the largest addends of all), ascribe the addends, 0, 1(mnp), 2(mnp), 3(mnp), 
+++ (g—1)(mnp). 


5. In every variable the addends are to be so applied to individual 
categories as to be read from left to right for columnar headings, and 
from top to bottom for stub-readings. 


The description of the procedure and the appearance of the formulae 
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for the addends are actually far more forbidding than the work involved 
in the construction of the appropriate table. One simply follows the 
steps for devising addends outlined at the very beginning of this article. 
A careful scrutiny of the mode of construction of Table VI in reference 
to the coding iable (Table V) will be of much help. 


TABLE V 


Tue CopinGc TABLE FoR PropucING TABLE VI (A GENERALIZED TABLE) 




















Explanation: ‘‘Total” here enters 
mn 0 () Total (Trait Disregarded) our coding scheme and always takes 
3 i [€]) Male the addend ‘‘zero.’’ By the proper ar- 

2 () Female rangement of the above categories as 
coordinates around a compound table 
. 0 (J Total (Trait Disregarded) (see Table VI) every ulstrith and ev- 
Ss 3 () White ery strith has a code number easily 
6 () Black located in Table VI because of the 
continuity of the numbers in a logical 
0 () Total (Trait Disregarded) | left-to-right and downward reading 

=f 9 () Single sequence. 
3 = 18 ([) Engaged In the table at the left, a not-hired- 
$2| 27 O Married widowed-white-male has an ulstrith 
OS 36 (] Widowed code number [54+36+3+1=94]. 
45 () Divorced The engaged-whites, a strith, have 
the code number [18+3 = 21], as may 
. 0 [() Total (Trait Disregarded) be verified from Table VI by noting 
s#/ 54 () Not hired the headings and stub-headings of 
= © | 108 ( Hired Society-21. The engaged-white-fe- 
q 162 () Referred but no report males have the code number [18+3 











+2=23], as also may be noted in 
Table VI. And soon. That is to say, 
any strith (total) has a code number which is the sum of the addends of those categories 
needed to describe it. 

Sex which here has the smallest addends, goes as the heading nearest the body of 
Table VI if Table V were formulated first; and this pre-formulation (ordering of the 
variables and ordering of the addends of the categories within the variable) fixes the 
form of Table VI. Accordingly, there might have been considerable point to considering 
the form of Table VI first, and allowing the Table V registration blank to take its form 
from Table VI. ‘Color’ which has the next larger addends, if Table V is formulated 
first, predisposes it to be either the second or first superior heading of Table VI or alterna- 
tively the first, nearest-the-body, stub-heading of Table VI. The second alternative was 
rejected. ‘‘Maritai Condition” which has the next larger addends necessitates placing it 
as either the second-superior columnar heading of Table VI (if a different basic form of 
table is decided upon instead of that employed) or as the first, neavest-the-body stub- 
heading. The second alternative was chosen. This leaves ‘follow-up result,” which has 
the largest addends of all, only the second position away from the body of the table as 
a stub-heading. Actually, then the Table VI should always be planned first, thus allow- 
ing Table V to take its form from the former. In general the traits one wishes to empha- 
size should be stub-headings; while size of printing page and appearance (proportions) 
of the table should also be considered. 
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It will be observed that the variables are ordered for inclusion in a 
coding table (Table V) in the order of (1) innermost to outermost of the 
headings followed by (2) innermost to outermost of the stub-headings; 
that the break between columns and rows may come at any points de- 
sired in Table V; and (3) that the usual formula for an addend prevails. 
This formula will be presented briefly before proceeding to the detailed 
consideration of the two tables. 


Formulae for addends. The nth addend of a classification table in the mth 
trait or row of the coding table (when Table V is arranged as is Table I) is 
given by: 

Amn = ky: ko: Rs => Rm1' [1] 


where, &; is the number of categories in the first trait; ke in the second, etc.; and 
n is the position in the row of the category, whose addend is sought, counting 
from the initial one where »=0, and to which the addend 0 is given. Thus 
k, of [1] is but m; ke is n, k3 is p and & is g of the previous description; n of for- 
mula [1] is the column number of the category in question in the basic classifica- 
tion table, Table I form; m is the row number of the category in question; 
A=addend. Thus, suppose we desire the addend of “female” in Table I. Now 
“female” is in row [m=3] and column [m =1]; and the two preceding k’s are 
ky =5 and kp =3. Accordingly, Atemie=5 X3 X1=15. As a second example, no 
matter what the name of the category in row 4, column 3 (the category in 
row 4 under “vellow,’’ Table I), its addend will be by formula [1] for this 
example, Table I system): 5X3 X2 X4 =120.” 

It will be noted that the order of the sub-script k’s is determined by the 
order of inclusion of the traits in Table V, fully discussed at Step 4 above; the 
addends of heading categories being ascribed from left to right; and those of 
stub categories from top to bottom. This produces a complete analysis-syn- 
thesis table (Table VI). It also will be observed that the addends of coordinate 
categories always get larger as we recede from the body of the table and that 
all those of the stub categories are larger than any of those of the headings 
categories save, of course, exceptionally in each section, the initial, zero- 
addends, always reserved for the category ‘‘Totals.”’ 


For the complete statistically meaningful analysis-synthesis table 
shown in Table VI the number of cells, or number of consistent and 
meaningful societies, striths and ulstriths, is: 


Psiv=(m+1) (n+1) (b+1) (¢+1) (See step 2 above). [2] 


Thus, for Table V, Ps,vy =3X3X6X4=216. 

The largest code number is always one less than Ps,v. In Table VI the 
largest-sized code number, that of an ulstrith, accordingly, is 215. This 
is one check on the correctness of construction of Tables V and VI. 


The number of formable ulstriths is Py=m-n-p-q--- [2.1] 


* This use of the formula will be explained more fully in the author’s forthcoming 
The Addend Method of Coding and Classification now ir. manuscript form. 
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AN EXAMPLE OF GENERALIZED TABLE CONSTRUCTION 


to all possible ‘‘meaningful societies”—analytic and synthetic. 


A Complete Statistical Analysis-Synthesis Table in which code numbers are al!<cated 






































































































































































Sex ki =3 Marital condition k;=6 Placement (follow-up) k=4 
Color kpe=3 
The numbers of ‘‘possible meaningful categorizations” = 3 X3 X6 X4=216 
Total (0) White, (3) Black (6) 
TOs 1M (| F@)| oy | M | F 2) | oot M | F @) 
Total (0) o| 1 2 3} 4 5 6| 7 8 
(N) 
_| Single (9) 9| 10 st 12} 13 | 14 1is| 16 | 17 
©) Engaged (18) | 18 | i9 | 20 | 21| 22 | 23 | 24| 25 | 26 
3 Married (27) | 27| 28 | 29 | 30| 31 | 32 | 33] 34 | 35 
Widowed (36)} 36| 37 | 38 | 39| 40 | 41 | 42| 43 | 44 
Divorced (45)| 45| 46 | 47 | 48| 49 | SO | 51] 52 | 53 
Total (0) 54|/ 55 | 56 | 57| 58 | 59 | 60} o1 | 62 
=| Single (9) 63| 64 | 65 | 66] 67*| 68* | 69| 70*| 71* 
Engaged (18) | 72| 73 | 74 | 75 | 76*| 77* | 78| 79* | 80* 
: 
| Married (27) | 81 | 82 | 83 | 84] 85*| 86* | 87] 88*| 89° 
= | Widowed (36)| 90 | 91 | 92 | 93| 94° | 95*1 96| 97* | 98° 
Divorced (45) | 99 | 100 |} 101 | 102 | 103* | 104* | 105 | 106* | 107* 
Total (0) 108 | 109 | 110 } 111] 112 | 113 | 114] 115 | 116 
__| Single (9) 117 | 118 | 119 | 120 | 121* | 122* | 123 | 124* | 125* 
S Engaged (18) | 126 | 127 | 128 | 129 | 130* | 131* | 132 | 133* | 134* 
® Married (27) | 135 | 136 | 137 | 138 | 139* | 140* | 141 | 142* | 143* 
= Widowed (36)} 144 | 145 | 146 | 147 | 148* | 149* | 150 | 151* | 152* 
Divorced (45) ] 153 | 143 | 155 | 156 | 157* | 158* | 159 | 160* | 161* 
Total (0) 162 | 163 -| 164 | 165 | 166 | 167 | 168 | 169 | 170 
<>| Single (9) 171} 172 | 173 | i74 | 175* | 176* | 177 | 178* | 179* 
= Engaged (18) | 180 | 181 | 182 | 183 | 184* | 185* | 186 | 187* | 183* 
: Married (27) | 189 | 190 | 191 | 192 | 193* | 194* | 195 | 196* | 197* 
2 Widowed (36) | 198 | 199 | 200 | 201 | 202* | 203* | 204 | 205* | 206* 
Divorced (45) 











ed 
or 
a, i oe 





ADDENDS IN SOCIAL AND EXPERIMENTAL CONTROL 63 


Thus for Table V, Py = 2X2X5X3=60. These 60 ulstriths are starred 
in Table VI to emphasize their location as being in those cells of the 
table to which no word “‘total’’ applies. Out of these sixty ulstrith fre- 
quencies, all the 216 cell-frequencies of Table VI may be compounded. 

The number of formable aggriths is found by letting the number of 
formable ulstriths be k in the formula for P, the number of formable 
patterns when 2”~' addends are employed. 


Thus, P=2*—1. [3] 
But the formula, k=m-n-p-q:--, [4] 


tells us how many ulstriths may be formed of four traits where m, n, 
p, q are the number of categories respectively in the four several vari- 
ables. 

Accordingly, substituting [4] in [3], we arrive at the formula, 


Ag=2™-"-P;a°*°—14 (S] 


the number of formable aggriths that may be formed from variables 
having m, n, p,q: - - categories respectively. It obviously is, or may be, 
a pretty large number; thus for Table II we have 2%" or 255 aggriths. 
Out of such under the forces of mobility, selection and the like, are the 
societies of the world formed with the complication that “nature”’ 
never finds it necessary to employ all the members of any ulstrith in her 
designs. 

A theory of generalized table construction helps to control statistical 
processes. In the tabular assemblage of such tables from census data 
(Table VI) the printed ulstrith and strith code number locations of the 
compartments of such a table makes errors of copying almost impossible 
when printed form-sheets are provided, with all compartments num- 
bered as therein planned. The marginal coordinates are not involved 
in the copying. All the ‘‘totals’’ of the entire table (195 in number) are 
striths; and those of Table VI are the oniy ones possible for the data 
accumulated in Table V and all have their well-ordered and easily found 
locations and code-numbers. The strith code-numbers of Table VI have 
the very great advantage that they are the sum of the addends of the categories 
required, individually, to describe them. Thus, referring to Table V, we 
may ascertain that the strith, male-white-hired=112. This may be 
verified in Table VI, by locating compartment 112 and noting its coor- 





* Asterisks in Table VI denote ulstrith societies. 

Explanation: The body entries of the table are the code numbers of those societies 
the frequencies of which are to be aggregated in the same compartment. Thus society 0 
the entire population, is N, a strith; the society 94, the ‘‘not-hired-widowed-white- 
males’ is an ulstrith (therefore is starred), and so on. Every ulstrith and every strith 
has both a place and code number in terms of the addends of the registration coding 
table, Table V. 

Partial correlation—here partial association—refers to relationships observable in 
areas bounded by bold-faced lines in the body of the table. 











64 


HERBERT A. TOOPS 


dinates. It is assumed of course that these compartmental code num- 
bers may be removed if desired, as in copying Table VI for publication, 
when their purpose of aiding the compilation of the table has been ful- 
filled. 


If for any row of cells of Table VI one adds the (two) addends which pertain 
to that row, one has a sub-code number which may be employed in the perma- 
nent or published table as row-marginal ordinates; and similarly for columns, a 
set of abscissae which if printed at either side and at either end of the table will 
facilitate for the reader of text accompanying a table, the location of wanted 
compartments. Thus strith 129 is located in row 126 and in column 3; the sum 
of these two coordinates equals the strith code number. These are a meaningful 
alternative to the cartographer’s arbitrary mode of locating place-locations in 
two-way tables. Advantage of this fact can be taken when employing the 
tabulator to summarize Table VI from its component ulstriths, as follows: 
1. Let the “‘traits’” of Table VI be punched into 60 IBM cards, one for each 
ulstrith, as follows: 
Field 1—Follow-up results. Punch the addends. 
Field 2—Marital Condition. Punch the addends. 
Field 3—Color. Punch the addends. 
Field 4—Sex. Punch the addends. (Note that the traits are in decreasing 
order of size of addends; asin reverse order of their arrangement in 
Table V.) 

Field 5—Ulstrith code number. 

Field 6—Ulstrith frequency. (If individual IBM cards were punched, the 
categories of the several variables should have been punched as 
the appropriate addends elected by the respondent in Table V.) 


2. Let the traits in Table VI be the reverse of the vertical arrangement of 
that table; that is, at the top place, follow-up result, then marital condition, 
then color, then sex last, at the foot of the page. The present addends follow 
the categories in this rearrangement. 

3. If now Table VI (of the particular form and distribution of traits to stub- 
headings and columnar headings of Table VI) is planned, obtain now and 
record in a fixed box of Table V a sub-code number at the end of the second 
trait; i.e., add the addends for ‘follow-up result” and for “marital condition” 
combined. This sub-code number is the row-number, as above defined, in 
which this case appears in Table VI. 

4, Now find and record in a fixed box of Table V the sub-code number 
which is the sum of the addends of “‘color’’ and “‘sex’’ of the candidate in ques- 
tion. This sub-code-number is tke column of Table VI in which the person in 
question eventually will be entered as one of the “‘tally-mark” frequencies of the 
compartment so specified. 

5. Find and record in a fixed box of Table V the sum of the two above men- 
tioned sub-code-numbers. This is the examinee’s ulstrith number; and is the 
compartmental number of the cell of Table VI in which he as one case of aa 
aggregated frequency will ultimately appear. 

6. Verify all the above work by an independent adding of all the addends 
elected by the registrant. This sum will check, if all work is correct, with the 
registrant's ulstrith code number previously found at Step 5, above. 
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7. The row and column coordinates may be sorted, listed by coordinates, 
and tabulated to yield the 156 aggregated striths of Table VI, with row, column 
and (by hand addition) compartmental coordinates in most convenient form 
for entering compartmental frequencies into the finished table. 


Usefulness of Research End-Products 


The U. S. Census, as everyone knows, is for most of the purposes of 
the anthropologist, sociologist, social-planner, differential psychologist, 
social psychologist and statistician a particularly ineffective, and, in 
many cases all but useless, instrument. If only one could publish per- 
tinent statistics of ulstriths, leaving to the user the task—a reasonable 
task, of course—of recombination of those ulstriths pertinent to his 
purposes, a great deal of good might result. As cases in point, the 
Census cannot tell you how many male-white-plumber-high school 
graduate-divorcees there are, nor does it give any faintest basis for 
making such an estimate, unless one makes a whole set of probably 
totally unwarrantable assumptions. Omit any two traits you please 
from the above example and the statement still holds! Even if a 
census of ulstriths under such a plan became fifty volumes for each 
one now published, it would indeed really become a potentially useful 
research tool. The publication costs of course would add but fraction- 
ally to the whole cost of the undertaking; the collection costs, as now, 
being the largest item, but with costs of analysis minimized relative to 
present expenditures. A corresponding census of all aggriths, or even 
of all striths, would be many (thousand) fold larger, and of course pro- 
hibitive. The present U. S. Census is a census of a comparatively few 
striths. 

Censuses fulfill, analogously, the function of a bank account: you 
apply to it only when you want something badly; and if that occasion 
never occurs, either is particularly useless to the possessor. Their 
“security” value is their main reason for being. That too will disappear, 
in the case of the Census, when machines are made that will make it 
possible to extract instantly, and at almost no cost, the desired facts 
from salable ‘‘representations’’ of the data originally collected from in- 
dividuals. The practical solution of this problem warrants a consider- 
able expenditure of research funds. 


Institutional Record Keeping 


In many cases institutional records are kept, not for the purpose of 
statistical report or administrative inquiry, but rather to render a serv- 
ice in potential individual cases and instances. In the case of the fed- 
eral FBI fingerprint file, for example, it is reported that the cards are 
kept filed by striths of comparatively small frequencies; and the wanted 
culprit is located by a further mechanical sorting of the IBM cards 
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belonging thereto and verified finally with actual finger-prints in a 
master file. Clearly a coding sheet comparable to Table V might facili- 
tate the labeling of the file drawers and perhaps replace, for labels at 
least, the present cumbersome “‘finger-print formula.” 

In the National Roster, the IBM cards of 450,000 American scien- 
tists are kept in file drawers, filed according to ‘‘major’’ science. If a 
man has several occupational fitnesses—as who does not—he may get 
overlooked in a search for experts unless a duplicate cross-reference card 
has been made for every interest. A subsequent IBM card sorting aims 
to locate the ‘best man for the job”’ (22). 

In the Social Security files at Baltimore are the brief records of over 
80,000,000 Americans who hope one day to secure its benefits including 
also those who in some wartime capacity have served the government. 
You can’t readily change a system of such dimensions, but addends at 
the outset could have been considered. 

The Army, during the war, found it advantageous to ask the Na- 
tional Roster to tell them the name of anyone in the army who had a 
particular set of qualifications, those of a physicist, say. Even if the 
cards tell the story you can’t easily manipulate 12,000,000 IBM cards 
of individual soldiers to find one physicist; but the Roster with not over 
2,000 cards in one file-drawer of physicists could easily do so. Even if 
the cards went through the sorting slot at 1,000,000 per hour instead 
of the 25,000 per hour which they do the statement still holds, relatively. 
This statement implies of course that the twelve million cards serve 
other purposes than occupational speciality; for example, that they 
function as an alphabetical list, as an organization list, as a list of serial 
numbers, or as any one of half a hundred other potential filing systems— 
in other words that they are filed by other than military occupational 
speciality. 

A university needs to follow-up its graduates, and its drop-outs too, 
if it would get the most value from its study. A basic variable is the 
“kind of people risked’’ to the forces of jobs, salaries, marriage, divorce, 
offspring, publication, creativity, invention, publicity, notoriety and 
eminence. 

The Census does not do so, but it might well keep a running inven- 
tory of persons. The formula, [Census of 1950=the census of 1940 plus 
the births and immigration minus the deaths, emigration and disappear- 
ances] being a crude formula for this periodic perpetual inventory, which 
needs not a great deal more than the aid of a countrywide fingerprinting 
system to make it “‘practical.”’ In similar fashion a university might 
keep a running account of its students with potential statistical reports, 
in all possible administrative ways, at periodic intervals. Each student 
would have one or more ulstrith serial numbers. 

In all the above cases the ulstrith is not only, as usual, the statistical 
building-block out of which the potential statistical report may be ag- 
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gregated, but the individual ulstrith is the repository of all those people 
who are equal in “‘potentiality for rendering individual service.’’ Clearly 
ulstriths may work when mechanical filing systems fail; for other things 
equal, the larger the population, the better does the addends system work and 
the greater is its relative efficiency. Large populations are the antidote 
for a too fine classification of data and a “‘too large’? maximum ulstrith 
code number. In this connection ulstriths serve the valuable time-bind- 
ing, or time-anticipating, function of having sorted the cards before the 
need was discovered but without really doing the job to get the result; 
or, as a restatement, of having sorted them once so as to meet possible 
future needs—if you are willing to do some addition—before it is known 
what need is going to develop. And all this is accomplished in both cases 
as easily as rubbing Aladdin’s lamp, and with no disturbance of the 
master-file! That is one of the chief troubles with sorting 12,000,000 IBM 
cards; the order of the cards is disturbed and you have to sort them 
back again into their original order at once, meanwhile holding in abey- 
ance all other functions which they may serve (unless one has as many 
different and independent sets of cards as he has functions). In such 
cases ‘‘to sort all the cards without sorting any of them”’ is required. 


Aids in Determining Multiple Regression b-Weights and §’s 


If one compare My, and My,,, the mean efficiency of two ulstriths 
which differ only by a single degree or category in one variable, the dif- 
ference is an estimate of the b-weight (multiple regression gross-score 
weight) for the change in category. Thus:— 

Male-white-single’s average production = 10.2. 

Male-white-married’s average production = 14.5. 

bmarried = 4.3; and ‘‘marriage is responsible for’’ an increase of 4.3 pro- 
duction units. 

Clearly this is a method of quantifying qualitative data as wll, for 
if ‘‘single’’ now is given the score 0, ‘‘married’”’ then may be given the 
score 4.3, thus quantifying both categories and in a way which may be 
understood by those untrained in the mysteries of least-squares. 

Other estimates of the b-weight, or better, b-increment, if there are 
other qualitative terms such as ‘‘widowed, separated, engaged”’ requir- 
ing similar evaluation, may be made from other ulstriths such as:— 

Male-black-single average production = 9.4. 

Male-black-married average production = 13.9. 

Where OBmarriea = 4.5. 

The two differing estimates may be combined by a weighted mean 
of the two values. In case of non-linear relationships among quantita- 
tive traits the several b’s would not be approximately equal as above, 
and when tabulated for a complete set of ulstriths, ordered as to one 
common variable, would show a progression of b-values, indicative, 
probably, of the type of relationship prevailing. The 6-weights, in 
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quantitative variables, are simply the product of by-cxy and are not 
needed in qualitative variables, or else are readily thus to be had if the 
qualitative variable has first been quantified (15, 23). 


Empirical Aid to Selection 


Current research suffers from the fact that the populace is unable to 
understand the complexities of such modes of research as norm tables, 
multiple regression equations, curvilinear regression equations, partial 
regression coefficients and the like. Ulstriths probably will make a sub- 
stantial contribution here. Any foreman can learn to understand the no- 
tion that people of “‘ulstrith 5,’’ say, were sick 1.2 days last month 
while those of “‘ulstrith 24,”’ say, were sick 3.6 days. If sickness absences 
loom large in his mind he thereafter will prefer ‘‘ulstrith 5’s’”’ as employ- 
ees, and can readily understand the substitution, when, the market not 
affording enough “‘ulstrith 5’s,” he is supplied instead with “ulstrith 7’s” 
who are a “highly-related”’ group of people. 

In selection and follow-up, the ‘‘typing’’ of persons risked to the 
forces of the follow-up study may be done from the outset by the em- 
ployment of ulstriths. In view of the fact that good follow-up studies 
now can be counted on the fingers of two hands, the concept should be 
of aid in helping to remedy a deplorable situation. 


Aid to the Ascertainment of Thinking and Attitude 


Laws are now “passed’”’ by vociferous minorities according to a 
principle of ‘uniformity of application.’’ Concretely, you can’t legislate 
that the Podunk Power and Light Company must pay the tax for poor 
relief of the district but you can pass a law that the “public utilities of 
Podunk,” which just may happen to include the defenseless contract 
garbage man as well as the “‘power-octupus,”’ may be required to do so. 
Obviously such a mode of legislation, “‘power-politics,” and “‘minority- 
politics’”’ is bound to be a very imperfect adjustment of community 
means to human need, which is individual. What we need to know is 
‘“‘What was the vote, broken down by ulstriths?”’ Is the law desired by 
a minority, an ulstrith or strith? Concretely, what do plumbers and 
laborers think of this proposal; and’farmers’ wives (2 traits in the strith) 
and manufacturers’ debutante daughters (3 traits in the ulstrith, say)? 
Not until straw-votes and elections are so analyzed can we get any very 
adequate notion of what is the state of mind, and needs, of all the people, 
by noting the several ulstrith means, or proportions, and weighting 
these according to their known frequencies of occurrence” as they exist 
in a census of inclusive coverage, which of course, obviously then must 
be recorded on the same basis. One interesting implication is that straw- 


™ The voting ulstrith probably is a better sample of the ulstrith than the voting 
strith is as a sample of the strith. 
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ballots of a sufficient number of each of the minimum numbers of ul- 
striths which in combination are statistically known to be most repre- 
sentative of the whole populace will be able—economically, by polling 
them only—to sense changes in opinion to which legislation can be re- 
sponsive. As it is, we probably go to vote at some considerable personal 
inconvenience only when we feel intensely that an issue vitally concerns 
us and our welfare (the welfare of people of “my ulstrith’’). With the 
electronic age upon us the mechanical difficulties of voting at home will 
no doubt soon be surmounted. If then we could vote on live issues, and 
as individuals, but be counted up by ulstriths, and then by further 
(weighted) striths which time would reveal as important for report, a 
crude approximation to democracy, despite prodigious population, 
would result. It may or may not be good politics to have Fair Employ- 
ment Practice Acts; it would be at least good social planning to know 
what each kind of man, each ulstrith, of colored races needs and wants 
in the way of employment; and, from the viewpoint of the employer 
just how efficient, when hired, are those several ulstriths. 


Indices of ‘‘Populations’’ 


In a delightful little book, by a civil engineer (3), the advice is, in 
effect, given. 

If you have seven observational equations and three unknowns, just form 
three ‘“‘normal”’ equations by adding the first two observational equations for 
the first; the next three for the second; and the last two for the third. Then 
solve them by any method appropriate to solving three simultaneous equations 
in three unknowns. 


Clearly such a method achieves an end, despite its blythesome disregard 
for least squares. It could, of course, apply better to engineering than 
to other realms, but let us hope its application is universal, or universal 
under the restriction as to ulstriths outlined below. 

After having done the above, if one were to divide (a) the resultant 
No. 1 equation by its number of cases, 2, (b) the second resultant equa- 
tion, by 3 and (c) the third by 2, one would have indices (averages) in 
which each in the resultant treatment is treated as of equal weight—an 
“artificial society,”’ of no certain planfulness, but one in which each ag- 
gregated section is weighted equally. 

#¥ If now ulstriths instead had been the basis of the three sortings and 
three groupings, the ‘“‘normal’’ equations would well represent, if the 
ulstrith populations were large enough, the ‘‘network of values’’ which 


® The sheer mechanical and statistical difficulty of achieving democracy can hardly 
be appreciated by one who has never given thought to the matter. A statistical friend 
has a manuscript of over 500 pages, on one page of which he outlines in some 45 differ- 
ential equations, the conditions under which a vote is democratic! 











70 


‘“‘normal’’ equations probably always should represent.” The solution of 
these then should yield a good set of the b-values of regression equations, 
The discovery that indices of populations, of a defined geographical 
area, say, could be employed for multiple regression analysis was made 
some little time ago (6, 12, 13, 14). There is some reason to believe that 
such analysis will yield approximately the same result as may be had 
from the gross-moments method or the intercorrelation matrix method 
or any of their mathematically related functions, which depend in com- 
mon on observationa! data of all subjects of the experimental popula- 
tion. If that statement is true, then the follow-up statistics of ulstriths 
should yield the criterion scores of definitely defined populations for 
analysis by the additional expedient of adding to the personnel report 
any number of predictive variables, as columns coordinate with the sev- 
eral criterion scores. A complete experimental scheme, then, involves 
for each person of our experimental population: 
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1. Control addends, by traits, of the basic profile which produces the ul- 
striths. : 

2. The ulstrith code numbers, also employed to sort the cases as IBM con- 
trols. 

3. An item count, to count frequencies. 

4. X’s in various extra “aptitude” or “causal” or predictive variables, or 
in various gross-moment forms. (See Dwyer, Hamer and Yoakum, 5.) 

5. Y’s in various efficiency indices of production, efficiency or “result.” 

6. Higher gross moments and product moments’ needed for correlation and 
curve-fitting. 


If the X’s of (4) are qualitative they can be quantified (15). Once quan- 
tified, the data are treated as if they had always been quantitative. 
The resulting scheme is so simple in its conception (see Table VII) 


% 1 find little or nothing in the literature of social experimentation regarding this 
issue. 

* Mr. Edward Martin, a graduate of the New York Institute of Municipal Research, 
and the author collected some 350 variables—indices about the counties of New York 
State—about 1919-20, with this kind of analysis in view. We had three difficulties which 
at that time we were unable to surmount: 

1. How to intercorrelate 350 variables. There is now a possible, if not very practical, 
solution to this, up to 360 variables. However, even Dr. Hall, with IBM Machines, was 
content, in 1931 to compute only the intercorrelations of 36 “county” variables of the 
some 250 he was able to collect for Ohio. 

2. What to do about the boroughs of New York City, which are neither fish, beast 
nor fowl so far as counties are concerned. 

3. What to do about a few forest counties which had some 30-50 population each. 
(We located a county in Texas which had a population of 22; shall we say one county 
office for every inhabitant!) 

Nowadays we are sure we should solve the last two dilemmas by simply excluding the 
two extremes—they are representative of nothing but themselves! The first is appre- 
ciably nearer a good practical solution than it was nearly three decades ago. 


and 
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that almost any reporter can furnish the data for valuable analyses of 
great social import. Thus by only a little forethought and planning, 
every farmer who farms a field may contribute data looking toward 
early discovery of the important cultural elements in yields of all the 
major farm crops; every person married may become a subject in an 
experiment to note what kind of a man (ulstrith) stays married longest 
(criterion) to what kind of a woman (second ulstrith) ; every person born 
can become a participant in a long-time experiment to see what kind of 
people live longest; and every child who starts to school can participate 
in a study to note what kind of a pupil is most able to complete the 
eighth grade, the high school, the college and the university. The world 
is full of data, and indices, to be had for the asking if only somehow 
simple people may be found capable of reporting them accurately 
enough for our purposes. 

Even if such analyses do not solve a problem once for all, they ef- 
fectively reduce its scope, tell us where to apply the research pressure, 
and often suggest the practical application. This is the essence of good 
management, good planning and in the long run of good government. 
An analysis of the data we have—indices on geographic areas—should 
precede the collection of data on individuals, wherever it promises to 
throw light on the precise nature of our problem. 

Other applications undoubtedly will be found as soon as the useful- 
ness of this technique more generally is appreciated. Addends deal, 
mathematically, with the fundamental ways in which arrangements 
may be made in space, so that all science is a possible field for their 
utilization. As the above account indicates, they are particularly 
pertinent to social research.* 


SUMMARY 


Addends serve the function of singling out for potential subsequent 
statistical treatment all people of a common statistical trait-pattern, or 
profile. If a complete sorting by traits is desired, a frequency count of 
the ulstriths (all the persons of each complete-breakdown subsociety) is 
a complete statistical analysis of the data. 

The ulstriths may be combined or synthesized by simple addition 
into striths, which are statistically equivalent to any less detailed pat- 
tern of sorting. Attached to an individual’s ulstrith code number (in 
an IBM card, say) may be (a) an item-count for producing, when ag- 
gregated, a frequency-count, (b) scores on supplementary traits, (c) 
scores on any number of criterion (follow-up) variables, (d) personnel 

% Six other types of coding situations, not treated here, lend themselves to solution 


by other types of addends. These will be treated in the author’s forthcoming-treatise, 
The Addend Method of Coding and Classification. 
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management actions of the bi-categoried variety (e.g., non-promoted 
=0; promoted=1), (e) gross moments, product-moments, and (f) 
higher powers for curve-fitting, and the like. Asa result, the operation 
of aggregating all these may be concurrent, as on IBM tabulators—the 
individual cards in this operation being that of ulstriths rather than of 
individuals (practically equivalent to IBM summary cards). 

The ulstrith thus may be a building block for a reasonable theory of 
social or societal behavior, for controlled research, stratified sampling, 
census accumulation, and managerial research. Psychological research 
should control the relative proportions of those ulstriths which are 
“causal” in the experiment in question. Addends are a mechanism for 
making this practically possible. 


BIBLIOGRAPHY 


1.)Bass, BERNARD. Application of Cambridgé Univ. Press, 1916. 
addends to occupational classification. 8. MARTIN, CAROLINE. The value of the 
Unpublished M.A. thesis, Ohio work of a central medical statistical 
State Univ. Library, 1947. bureau. Paper read before the 

. Burt, H. J. The analysis of social American Hospital Association at 
data. Columbia, Mo. Univ. of Milwaukee, September 13, 1933. 


Missouri Agricultural Experiment 
Station, Bulletin No. 155, July, 
1931. 

. Davis, D.S. Empirical equations and 
nomography. New York: McGraw- 
Hill, 1943. 

. Davis, E. W. A functional pattern 
technique for classification of jobs. 
Teachers College, Columbia Univ., 
Contr. to Educ., No. 844. New 
York: Bureau of Publications, 
Teachers College, Columbia Univ., 
1942. 

. Dwyer, P., Hamer, C., & YOAKuM, 
C. S. A statistical summary of the 
records of students entering the Uni- 
versity of Michigan as freshmen in 
the decade 1927-1936. Univ. of 
Michigan Administrative Studies, 
1940, 1, No. 4. Pp. 266. 

. Hatt, C. W. Collection and evaluation 
of socio-economic indices in relation 
to educational variables. Unpub- 
lished dissertation, Ohio State Univ. 
Library, 1931. 

- MacManon, P. A. Combinatory 
analysis. (2 vols.) Cambridge: 


. SAGEBEER, RICHARD. 


. Martin, Caro.ine. Hospital medical 


statistics. Philadelphia: J. B. Lip- 
pincott, 1933. 


. Rover, E. B. A umique code number. 


Unpublished M.A. thesis, Ohio 
State Univ. Library, 1931. 
Identifying 
patterns of ability. Educational 
Records Supplement, No. 19. New 
York: Educational Records Bureau, 
1938. 


. THORNDIKE, E. L. American cities and 


states: variation and correlation in 
institutions, activities, and the per- 
sonal qualities of the residents. An- 
nals of the New York Academy of 
Sciences, 1939. Vol. XX XVII, Art. 
4. Pp. 213-298. 


. THORNDIKE, E. L.. 144 smaller cities. 


Nev: York: Harcourt, Brace, 1940. 


. THORNDIKE, E. L. Your city. New 


York: Harcourt, Brace, 1940. 


. Toops, H. A. Predicting the returns 


from questionnaires: study in the 
utilization of qualitative data. J. 
exp. educ., 1935, 3, 204-215. 

Toops, H. A. Questionnaire construc- 








74 HERBERT A. TOOPS 


tion and analysis. In G. W. Baehne, 
(Ed.), Practical applications of the 
punched card method in colleges and 
universities. New York: Columbia 
Univ. Press, 1935. Pp. 177-204. 

(17, /Toors, H. A. A contribution to the 
theory and technique of classification. 
Ohio College Association Bulletin, 
No. 100, 1935. 

18. Toops, H. A. A proposal for a stand- 
ard million in compiling norms. 
Proceedings, Conference of State 


Testing Leaders. Washington: 
American Council on Education, 
1939. 


19. Toors, H. A. Code numbers and cod- 
ing as aids to research. Proceedings 
of the Educational Research Forum, 
August 26-31, 1940. Endicott, 
N. Y.: International Business Ma- 
chines Corp., 1940. 

20. ‘Toors, H. A. Code numbers as a 
means of scoring group-adminis- 
tered performance test products. 


J. appl. Psychol., 1942, 26, 136- 
f 150. 

he Toops, H. A. The research possibili- 
ties of addends. Proceedings of the 
Educational Research Forum, Au- 
gust 26-30, 1947, 68-74. Endicott, 
N.Y.: International Business Mach- 
ines Corp., 1947. 

22. Toors, H. A: Philosophy and practice 
of personnel selection. Educ. 
psychol. Msmt., 1945, 5, 95-124. 

23. 'WHerry, R. J. Maximal weighting 
of qualitative data. Psychometrika, 
1946, 9, 263-266. 

24. ZuBIN, JoserH. A technique for pat- 
tern analysis. (Abstract.) Psychol. 
Bull., 1936, 33, 733. 

25. ZuBIN, JosePH. The determination 
of response patterns in personality 
adjustment inventories. J. educ. 
Psychol., 1937, 28, 401-413. 

26. ZuBIN, JosEPH. Socio-biological types 
and methods for their isolation. 
Psychiatry, 1938, 2, 237-247. 





es fie lU hr lC(<iK SCO 


aA 6A 





CURRENT TRENDS IN PSYCHOLOGY 
A SPECIAL REVIEW* 


EDWIN G. BORING 
Harvard University 


Twice now within a third of a century we have seen war change 
radically the pattern of professional activity of American psychologists. 
Old limitations have been found no longer valid. Grooves have been 
deserted, new contacts formed, new activities undertaken. Great 
Britain has also felt these changes, and the Continent did in 1919, but 
the big alterations have taken place in America which emerged prosper- 
ous from both wars, which between wars had taken over the leadership 
in psychology from Germany, and which has seemed quite ready on 
both occasions, once the emergency had broken down the restraining 
inertia of convention, to take from the psychologists all that they were 
prepared to offer to the national weal. 

Certainly psychologists—those who are over fifty—have been twice 
amazed by psychology’s ‘boom times,’ once in the early 1920s and now 
in the late 1940s. The present ‘boom’ is clearly the larger, for the man- 
power shortage is greater, and the developing pressures cause more men 
radically to change the nature of their lives—usually for much higher 
salaries. Everybody knows the present situation in its broad outlines— 
the shortages of psychologists, the pressure upon the universities for 
more instruction than they can easily give, the tremendous growth and 
complication of the APA, the sudden huge demand for clinical psycholo- 
gists under the program of the VA, the shift of psychologists away from 
college and university teaching to research projects both within the 
universities and outside in the government, industry and many other 
places which have discovered the need for psychology and hence for 
psychologists. All that, one might say, is the quantitative picture— 
like the growth curve which shows liow many clinical psychologists the 
VA must have by 1970. 

The qualitative picture has not, however, been clear. During the 
War you heard predictions from experimental psychologists, social 
psychologists, dynamic psychologists and clinical psychologists as to 
what would happen after the War's end, predictions that psychology 
would be moving far in the direction of some particular successful war 


* DENNIS, WAYNE (Ep). Current trends in psychology. Pittsburgh, Pa.: Univ. 
Pittsburgh Press, 1947. Pp. vii+225. 
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activity—toward human engineering or opinion surveying or per- 
sonality assessment or personal adjustment, usually toward the new 
war-created Fach of the speaker. Now, in Current Trends in Psychology 
we have an initial attempt to assess the nature of these changes which 
the War has wrought. 

In March 1947 the University of Pittsburgh invited eight psychol- 
ogists to participate in a symposium on current trends in war-important 
activities—for each speaker one trend. Of course, eight trends are not 
enough. There was no report, for instance, on Physiological Psychology. 
It was pushed out, so the grapevine has it, not by Pittsburgh malice, 
but by another important topic that was pushed in. Nor is one speaker 
per trend enough. When Skinner discovers that the trend in Experi- 
mental Psychology is toward what for many years Skinner had been 
hoping it would be toward, when Rogers finds that one of the two im- 
portant divergent trends in Psychotherapy is toward nondirective 
client-centered therapy, even when the Freudians are giving up their 
faith in the passive analyst, one can not help wondering how many 
trends were settled by the War, and how many by the committee who, 
intuiting the trends, chose the speakers. I do not mean to be unfair. 
Rogers describes both the divergent trends in spite of his bias toward 
one. Skinner is clearly mixing expectation with description and playing 
seer, and in that kind of prognosis he is joined by Flanagan and Likert. 
Flanagan exhibits a future for Personnel Psychology in which all man- 
kind is personnel and in which the abilities of men are<so clearly in- 
ventoried for their own use and the guidance of others as to make 
Galton’s original dream come true. And Likert turns seer when he 
mixes in with the well-known successes of the Sample Interview Survey 
all those other political, economic, social, civic, commercial, communica- 
tional and educational uses which his energetic and fertile imagination 
so easily conjures up as supplements to present reality. 

There are many differences among the papers. Sears, Kelly, Rogers 
and Likert document what they have to say with references and explicit 
names in the text. Morgan is specific about problems without naming 
names. Flanagan names the giants of the past seventy years but can 
not be so specific for the next twenty. Skinner is dealing with gen- 
eralities and speaks ex cathedra, whereas Dennis is simply introducing 
the whole topic. 

I suspect that some of the papers as printed were written to be seen 
and others to be heard. The paper written to be heard often looks thin 
when seen printed, whereas hearing a paper written for seeing can be 
quite an unfortunate experience unless the reader is extremely deft. 
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One ought not then, I suppose, to criticize the style of a printed sym- 
posium. The papers are all interesting, dignified but not heavy, except 
the first part of Morgan’s which seems flippant as compared with the 
others—not the last part though. 


1. Wayne Dennis on Psychology as a Profession. Dennis is the host 
introducing the topic. He notes how great is the actual and potential 
importance of psychological techniques for social good. He urges us all 
not to be modest but to admit this truth, to promote psychology’s 
prestige by accepting the new opportunities while maintaining respon- 
sibility by an insistence upon high standards. There is nothing new here. 
It is what we all want, what the APA was changed to accomplish, but 
Dennis had to read the current aspiration into the record. 

There arise sometimes dilemmas about promoting prestige, dilemmas 
which Dennis does not mention. What is the right arena for psycho- 
logical criticism? Published criticism, necessary to maintain standards, 
may sometimes deflate prestige. There really are practical decisions of 
this sort that come up, that did come up during the War. The best 
rule seems to be to have criticism first and prestige afterward. If you 
always put your worst foot forward at the start, you may presently get 
that shoe shined too. 

Dennis wants the psychologists to use their own techniques on them- 
selves. A job analysis would show that personality is often as important 
for them as is erudition. That is surely correct; yet it is not good person- 
nel doctrine that all good men are good on every job. Dennis does not 
want a brilliant, bashful, inarticulate rodent-runner for psychological 
counseling, and I doubt if a warm hearty promoter of psychological 
services in industry is ever going to wish to isolate a single nerve fiber 
in order to be able to stimulate it alone. Which of these fellows is to get 
the coveted PhD we can discuss later, for Lowell Kelly has ideas on that 
matter as well as Dennis. 

Another of Dennis’ missions for psychologists is the abolition of the 
lecture method. I doubt if Dennis would really find much inertia there, 
except the inevitable inertia of the budget. Given a budget of so many 
instructor-hours per student-trained-to-criterion, what can you do but 
put large groups into lecture courses? It was the psychologists, mind 
you, who invented the group test, not because it was better than individ- 
ual examination, but because it was efficient. 

2. B. F. Skinner on Experimental Psychology. Skinner starts off 
with the standard caricature of the experimentalist as a stodgy, myopic, 
half-bewildered pedant, working with precise apparatus on scraps of 
problems whose relation, if any, to the whole of psychology he can not 
see, a teacher who fails to stimulate his students with the petty per- 
spectives he draws, a researcher who even now, because of his insecurity 
and frustration, is escaping from experimental psychology to safer re- 
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gions and more real problems. Skinner wonders whether there may not 
be more truth in this picture than we like to admit, but he holds out 
cheer for the future in the fact that the current trend in psychology is 
toward the kind of study of behavior that he himself has long been ad- 
vocating. 

That is, of course, as it may be. There are those who think that 
experimental and physiological psychology are becoming indistinguish- 
able, and that psychology is thus approaching biology. There were dur- 
ing the war those who noted that experimental psychology was turning 
into a kind of human engineering and that psychology may be closer to 
physics than to biology. If you hand modern introspection over to psy- 
chotherapy, if you argue (as you can) that psychophysical judgments 
and statements of attitudes and opinions are forms of behavior, and if 
you admit (as you must) that most psychological experimentation ob- 
serves no data beneath the organism’s skin, why then you do find that 
psychology has turned to behavior and that Skinner is right. 

Whether or not Skinner is right about this trend, what he says makes 
sense to me. He defines experimental science as the kind of science in 
which an experimenter observes the change of a dependent variable as 
he controls and changes an independent variable, thus at last providing 
a really workable definition for experimental psychology. The state- 
ments of functional dependency that result from such experimentation 
leave the concept of a controlling mind in the same limbo to which the 
vis viva and phlogiston have been consigned, leaving us—so Skinner 
tells us—with behavior as the datum of psychology. The experimental 
psychologist, Skinner hopes, will not fail to accept the challenge implied 
by this scientific limitation, will have the courage to undertake the de- 
scription of such behavior as is indicated by the sentence, ‘“‘He chose to 
be silent.’’ For that he will not need large laboratories nor much ap- 
paratus. He must seek rather to formulate experimenia crucis, taking as 
his model Faraday, Maxwell, Mendel, Morgan, Pasteur and Koch, not 
the Bell Laboratories nor the Rockefeller Institute. And he will have 
the courage to formulate theories without which science never advances. 
Skinner cites James B. Conant who has remarked that no theory in 
science is ever overthrown by proof of its falsity; only a new theory can 
destroy an old one after it is once established in the mind of man. 

3. Robert R. Sears on Child Psychology. While the field is somewhat 
jumbled, Sears thinks that the main trend is clear if you will look at the 
last twenty-five years as a whole, not merely the last ten. You can ig- 
nore, he notes, the unimportant antecedents before 1920 when the 
main problem was merely to find out how the child could learn more 
efficiently. 

There are three outstanding present developments, Sears says, that 
have to do with the adoption of new procedures. (1) The observational 
sampling of molar behavior is replacing the old-fashioned segmental 
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observation. A kymograph can not catch what is the essence of the 
child’s conduct, whereas a human observer can. (2) The projective 
techniques are coming in to throw light on the child’s personality— 
especially doll play and finger painting. (3) And there are the methods 
of the cultural anthropologists and sociologists which show how culture 
affects the child’s development. There Sears is thinking of the work of 
Margaret Mead, A. I. Hallowell, Clyde Kluckhohn, A. Davis, John 
Dollard, W. L. Warner and J. W. Whiting. 

Still more important than procedures in Sear’s opinion is the emer- 
gence of a systematic child psychology, one which is organismic and 
molar, dealing with the behavior of the whole child, seeking to find 
how consequents depend upon the antecedents, and concerned primarily 
with the problems of learning and motivation, especially when the social 
setting is a parameter. The unit of molar behavior, Sears says, is the 
goal response, of which the essential antecedents are the instigators, 
and which proceeds by way of instrumental acts to the goal, which, 
achieved, is itself rewarding and hence reinforcing. If action does not 
reach the goal or ends in punishment, extinction occurs. Otherwise the 
reinforcements of success establish new potentialities in the child. That 
is plainly the Yale system, even if it be also the system of human nature, 
the system which had its origin in Hull’s seminar and is supported by 
the papers which Sears cites from Neal E. Miller, John Dollard, O. H. 
Mowrer and Sears himself. 

One can say, wondering about ego-instigators, that Skinner finds 
Skinner correct and that Sears finds the Hullians correct; but then, on 
the other hand, can you not also argue that the Yale crowd are support- 
ing Skinner’s thesis of the experimental trend by developing a psychol- 
ogy within boundaries that Skinner defines? 

4. E. Lowell Kelly on Clinical Psychology. Kelly has no surprises to 
retail in his story of clinical psychology, rejected by its academic parents, 
faring forth to make its fortune, capturing the VA, and coming home 
with untold wealth to surround its amazed parents with luxury and 
the responsibility for a new way of living. There are going to be hun- 
dreds of new clinical psychologists trained for the VA alone in the next 
twenty-five years, trained by the old PhD-giving universities which 
could not—so Kelly says—see promise in this child. 

Kelly plunges into the argument which Dennis began: professional 
psychologists should receive the PhD for their training. Kelly is quite 
clear about the research character of the PhD. He wants it to remain 
that sort of a degree. He knows that on the neuropsychiatric team it 
is the psychologist with the PhD who usually gets research started, not 
the psychiatrist with his MD or the social worker. He thinks—and 
surely he is right—that a constant orientation toward research will 
make clinical psychologists critical of their procedures and staunch in 
maintaining standards, This matter needs, however, careful considera- 
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tion by others than clinical psychologists. Suppose that the PhD now 
stands for all that Kelly hopes it does. How much of that value is train- 
ing and how much selection? Many of us think that selection contrib- 
utes more than training. If Dennis gets us to using personality as an 
important factor in selection, will the research character of PhDs 
change? If two-thirds of the PhD-candidates in a Department are VA- 
genic, will that change the research character of all PhDs? Would it 
debase the PhD for experimental psychology? Would it make the clini- 
cal PhD less rigorous? Did the rejected child get some of its stamina 
from being rejected? Is security always best? 

Kelly gives us a very interesting description of the functioning of the 
neuropsychiatric team of psychiatrist, psychologist and social worker. 
The team has three brains, can work three times as hard and as fast as 
one brain, can be right three times as often or at least in three times as 
many ways, and, because it is integrated and self-critical, is wrong 
only one-third as often as the single brain. The arithmetic is mine but 
the general thought is Kelly’s. Is the psychiatrist the captain of the 
team? No, the team has rotating chairmen. In medical matters the 
psychiatrist acts. In psychometrics and research the psychologist 
usually acts. The social worker leads where he is most competent. Who 
diagnoses? Nobody. Diagnosis is out of style. Description takes its 
place, and everyone on the team describes because description is only 
telling the truth, and truth-telling is interdicted to none. What about 
therapy? Well, therapy is just advice in the field of your greatest com- 
petence. All parents, teachers and priests are therapists. The psychol- 
ogist prescribes within his competence, as does the social worker for 
the patient’s family. And Kelly might have noted, as Rogers does, that 
in nondirective psychotherapy the client writes his own prescription. 
It seems like a very happy solution, until Rogers presently takes issue 
with this advice to work in teams, leaving laymen wondering where the 
truth will be found to lie. This book does not report what Kelly and 
Rogers said to each other in the discussion afterward. 

5. Carl R. Rogers on Psychotherapy. Rogers picks up where Kelly 
left off. He notes that therapy has indeed become the important activi- 
ty, and that psychologists more and more are tending to practice ther- 
apy when acting alone and not on a team. 

Rogers observes two important trends, one divergent, the other con- 
vergent. The divergence occurs in opinion about the proper relative 
proportions of the initiatives of the therapist and the client. The once 
passive Freudians are now advocating more control and direction of 
the client by the therapist, but as they move over toward the other 
pole, their place is taken by those who, like Rogers, believe in what now 
is called client-centered (nondirective) therapy. Rogers is convinced 
that the proper role of the therapist is passive but the profession is not 
agreed about this matter. 
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The convergence appears in the common abandonment by nearly 
all therapists of certain once strongly held beliefs. Analysis need now be 
less prolonged than formerly. Usually not so many sessions per week 
are needed. Transfer seems now less necessary and may sometimes even 
be harmful. It is not necessary for successful therapy to recall all of the 
past. The client is helped if he becomes more active in his own analysis. 
Nowadays, it would seem, an analysis is more often custom-built. 

New procedures are coming in, Rogers tells us. Group therapy may 
prove to have some valid uses. Narcotherapy and hypnotherapy are 
being used more for overcoming resistance. Play techniques, as Sears 
noted, are being employed with children. Since the principles of psycho- 
therapy can be used in any situation where distressing tensions need re- 
duction and where attitudes and behavior need direction toward inte- 
gration and the development of responsible independence, there are 
possible ways for the extension of these techniques to the solution of 
the problems of industry and labor relations, of education, vocational 
guidance and pastoral work. 

Rogers, as we have noted, disapproves the use of the neuropsychi- 
atric team. He says that the method failed before the war when it was 
tried in the child clinics. The relationship between the client and the 
therapist is such an important part of therapy, he says, that it is unlikely 
that maximal success will be obtained when the client has three thera- 
pists. He does not deny the trend toward team work, but he doubts 
that it will be continued indefinitely. It is Rogers and Skinner who are 
supporting individualism in this symposium. 

6. John C. Flanagan on Personnel Psychology. Flanagan assesses 
the trends in what will perhaps have been ninety years of progress in 
this field: 1877 to 1967. In the first fifty years (1877-1927) there were 
clear enough trends in the measurement of abilities and aptitudes. He 
traces the history of mental tests, statistical procedures, industrial and 
personnel problems, educational psychology, the psychology of person- 
ality and character, and the understanding of social processes. That 
development, not new, is one of psychology’s great achievements in its 
move toward practical functionalism. 

When Flanagan looks for trends in the last twenty years he counts 
articles in six different classes in Psychological Abstracts and finds noth- 
ing very significant. The field is holding its own against other fields, 
growing with them. For this reason he turns to the next twenty years 
and outlines hopefully a possible content for his address on this topic in 
1967, In Galtonian fashion he takes the broadest possible view of the 
social responsibilities and opportunities of personnel psychologists. He 
proposes that we should make out a list of human activities, that we 
determine the critical conditions for success and failure in each, that we 
maxe up a battery of fifty independent tests and fix the relation of these 
tested abilities to the specified activities, that we then go ahead with 
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this new knowledge to reformulate educational objectives, to set up cri- 
teria of efficiency, to select and train leaders, and to plan means for guid- 
ing the individual in more intelligent social action. It is so broad a view 
that in it personnel seems to mean all persons. After all personnel is 
human. 

7. Clifford T. Morgan on Human Engineering. After the First World 
War the term human engineering meant the understanding and use of 
man the machine. Now it means the study of the human factor in en- 
gineering, the relation of man to the machine and its operation. 

Morgan divides this field into five parts: (1) selection and (2) train- 
ing, topics which he leaves to Flanagan, and (3) the working environ- 
ment, (4) the work and the workplace and (5) the design of instruments. 
It does not seem to me that he is able to make use of these latter distinc- 
tions. The workplace is part of the working environment, and so is the 
work. Instruments are redesigned by human engineers to fit the opera- 
tor and are thus just so much more of the working environment. 

The temperature and the humidity of the workplace and the oxygen 
(or its lack) in the air make a difference in work. Morgan mentions 
these factors but goes on to others. Illumination is important and has 
long been studied by illuminating engineers. Noises may hinder and 
music may aid work, but the facts are not clear, though more and more 
attention is being given to the effects of both. We know now—these 
practices are new and do constitute a trend—how better to specify the 
relation of an operator to a machine. The size and position of the visual 
area for signals is known and should be used in design. The efficient 
working region for hands and feet can be specified. The best positions 
for the worker in given jobs are determined, as are the kinds of body and 
limb movements which are most effective. 

Almost every instrument has something to do with a human being, 
Morgan notes. A person operates it or it provides a signal which a per- 
son must perceive. It was human engineering when psychophysicists 
chose microphones and earphones, or specified their redesign, after 
testing them for the intelligibility of the communication of speech. 
Radars were similarly chosen or changed with regard to human ability 
correctly and quickly to understand their signals. 

Morgan is best in discussing fundamental research. He draws his 
examples from the fields with which he has been most closely associated, 
fearing inadvertently to violate security if he ranges farther afield. 
Here are some of the items he mentions. Anthropometric measurements 
of human bodies and heads, so that airplane spaces, helmets and gas 
masks can fit what they have to contain. Specification of the shapes 
and positions of controls on machines. Specification of the useful binoc- 
ular field. Determination of the spectral limits of vision at high intensi- 
ties (the eye can see farther out on the spectrum than had been supposed 
provided the light is intense enough). Determination of the basic 
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functions for visual acuity under light and dark adaption at all levels of 
illumination. Specification of the most intelligible sound-powered micro- 
phone, also of the most effective hearing aids (custom fitting of hearing 
aids is found not to be necessary). Now there lies a new program for 
experimental psychology. It is clearly a trend—a trend quite different 
from Skinner’s. 

8. Rensis Likert on The Sample Interview Survey, which has the 
subtitle A Fundamental Research Tool in the Social Sciences. Here, 
certainly, we find another trend, almost a sweep. Likert cites the new 
literature, almost all of it since 1938. 

He chooses the Department of Agriculture’s National Survey of 
Liquid Assets, made for the Federal Reserve System, as his paradigm. 
He explains everything that was done, how they picked 3000 dwellings 
in sampling the USA by actual specification of a house in a block of a 
city street or on an airplane map of a rural district, and interviewed the 
person responsible for spending in each house. They set their goals, 
decided just what information they wished to secure, picked the dwell- 
ings, designed the interview, tested it in the field for many characteris- 
tics including respondent cooperation, redesigned the interview, con- 
ducted the survey, and came out—inevitably after all this preparation 
—with the desired information. Now the Federal Reserve System knew 
what people were saving, how, how much, and what they expected to do 
with the money. For instance, one of the results of this survey was the 
unexpected discovery that a few people held most of the savings: the 
top 10 per cent held 60 per cent of the liquid assets, the bottom 50 per 
cent of people only 3 per cent. 

Likert concludes with his vision of the future use of these surveys, 
the vision mentioned in the early part of this review. The surveys, he 
urges, are applicable to problems of government and politics, and could 
become a tool for the uses of democracy, even the agency by which the 
UN determines the mandates of the world’s people. The surveys can be 
used in economics to discover facts—who holds what wealth? What 
motives are affecting economic behavior? They can be used in public 
and business administration, for instance, to determine what affects 
employee morale or to find out how leadership is operating. They can 
similarly be applied to problems of education, communication and the 
organization of social groups. Many other examples of how they work 
and what they tell will appear in the Army surveys administered by 
General Osborn’s group when they are published. 

That is all. Do we now know what trends in psychology the War 
produced? Is everything to be bigger, more numerous, more expensive, 
many peopled, cooperative, with researchers congregated into huge 
metazoic projects, with the individual scientist as far away from the 
ultimate discovery as one of Likert’s interviewers leaving the specified 
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sixth house from the corner of 20th and Green Streets in Philadelphia? 
Is nature now to reveal itself first to the IBM tabulator, and only later 
to man? Or may the personal insights of Maxwell, Mendel and Pasteur 
come _in style again? Skinner and Rogers are the individualists, still 
clear about the contribution of the single scientist or practitioner. Per- 
haps Sears would go along with them part way. The others have seen 
the effectiveness of massed production in research and they know its 
power, for it is powerful. Nor can the line be sharply drawn for this 
dichotomy. Men of imagination and insight are needed even more at 
the top of mass research. If Mendel needed 3000 grains of corn to get a 
ratio, why should not Likert have 3000 dwellings? In such ways the 
trend is toward the large project. Bigness is a direction in which a trend 
can move. But let us keep clear. The increase in the frequency of big 
units in psychology is not likely to mean a diminution in the frequency 
of small units. The psychological population is increasing and we are 
likely to have more of all sizes of undertakings. 

One last remark, a fitting one from him who has for twenty years 
been puzzling over the manner in which ego-involvement affects re- 
search and scientific judgment. In these papers every man found what 
he was doing important and psychology trending in his direction. Den- 
nis says that the psychologists should apply their own methods to 
themselves. Good. Let us ask Dennis now for acontrol symposium. We 
shall use Tippett’s Tables to mix up the speakers and their topics. Then 
we shall have our control series, with Likert evaluating the progress of 
experimental psychology, Morgan speaking on child psychology, 
Skinner predicting the future of the personnel techniques, and so on 
through the list. That done, we shall manage some sort of ¢-value be- 
tween the experimental symposium and the control, which will show us 
how much psychology moves with the speaker and how much of the 
apparent movement is due to deeper, more nearly immutable forces. 


EDWIN G. BORING 
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BOOK REVIEWS 


THURSTONE, L. L. Multiple factor analysis. Chicago: Univ. of Chicago 
Press, 1947. Pp. xix+535. 


According to the preface, the present volume was originally intended 
as a revision of the author’s previously published book, The Vectors of 
Mind. However, this plan was altered by adopting a more complete 
expository style and adding a great deal of new material. To quote from 
the preface, 


It has not been my intention to produce a bibliographically complete treatise 
on multiple-factor analysis. That would be entirely beyond the scope of the 
present text. Only those references have been given that were directly in line 
with the subject of discussion, but I fear that even with this limitation I have 
not done justice to all the authors whose work should have been summarized 
in this text. Most of these references are readily available in the journal 
Psychometrika and in the bibliographies of its many papers on factorial theory. 
The subject is still advancing rapidly, so that a theoretically complete treatise 
would become obsolete in a few years. When the time comes for such a volume, 
it should be written by a mathematician or by an author who is competent to 
appraise the contributions of mathematicians and physicists in this field. 


Admittedly, the present work makes no pretense of being a formal 
textbook on the subject of factor analysis, including all current meth- 
ods and ideas. As is natural, the author’s own contributions to the sub- 
ject and those of his assistants in the Psychometric Laboratory of the 
University of Chicago are given major emphasis. 

The volume begins with a brief mathematical introduction to matrix 
algebra, which plays such an important role in multiple factor theory. 
However, the student not already familiar with matrix algebra should 
not expect to gain adequate background for a thorough understanding 
of the later chapters from the brief mathematical introduction presented. 
References for supplementary study and reading in matrix algebra are 
provided, and those who wish to profit fully from the book will do well 
to consult them. 

Those already familiar with The Vectors of Mind will be pleased with 
the more complete expository treatment in the new volume and also 
with the many additional contributions made by the author and his 
students since the publication of The Vectors of Mind.- The general 
treatment of each topic proceeds with, first, a lucid verbal exposition 
of the topic, followed by an analytical presentation of the theory in- 
volved, and then, numerical illustrations of the various procedures. 

A great deal of emphasis is given to the role of multiple factor anal- 
ysis procedures in the initial stages of science in general. The impor- 
tance of factor analysis as an exploratory tool in isolating the fundamen- 
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tal variables or categories in a new or poorly developed science is con- 
sidered at great length. 

The author is keenly aware of the controversies which the simple 
structure concept has precipitated among students of factor analysis, 
and much of the book is devoted to defending and clarifying the concept 
of simple structure as a means of arriving at scientifically meaningful 
categories which exhibit relative stability from one set of observational 
data to another. The importance of the simple structure concept for 
achieving parsimonious description of scientific data is also emphasized. 

If there are those who had hoped to see a rigorous mathematical 
formulation of the simple structure concept together with objective cri- 
teria for obtaining unique transformations to the simple structure refer- 
ence axes, they have been over-optimistic. The author presumably feels 
that such criteria and such rigorous formulations are not to be hoped 
for in the near future and that a large element of subjectivity and per- 
sonal judgment will continue to be required in transforming arbitrary 
factor matrices into simple structure matrices. Those students to whom 
the simple structure concept has had a strong appeal will hope that the 
author has been unduly pessimistic in this respect. It is highly probable 
that these students, to say nothing of the author himself, will continue 
their search for more completely analytical and objective methods for 
transforming arbitrary matrices into simple structure. It is doubtful 
whether the detractors from the simple structure concept will ever be 
convinced by anything short of rigorous analytical procedures, purely 
objective methods, and quantitative criteria for a satisfactory trans- 
formation. 

One complete chapter is devoted to the subject of the unknown 
communalities. The author admits freely to those who oppose the use 
of communalities in the correlation matrix that this practice compli- 
cates the analysis and precludes those more elegant solutions available 
when unity is used in the diagonals. He recognizes further that the 
number of factors adequate to account for the side correlations in a 
matrix may result in communalities which exceed unity. Such situa- 
tions he resolves by extracting additional factors so that no communal- 
ity exceeds unity. This resolution may not be entirely satisfactory to 
those concerned with the theoretical implications of communalities 
greater than unity, but, in any case, the chapter is an extremely provoc- 
ative one and should stimulate further fruitful research. 

One of the most interesting and intriguing chapters in the book dis- 
cusses the role of oblique structure. This, together with the chapter on 
the effects of selection, shows how the correlation matrices may vary 
from sample to sample and yet yield simple structure factor matrices 
which are very similar. 

One complete chapter is devoted to the subject of factorial invari- 
ance and is closely related to the concept of oblique structure and the 

















BOOK REVIEWS 87 


effect of selection. The concept of factorial invariance has great scien- 
tific appeal. If certain students of factor analysis are not impressed by 
it, their skepticism doubtless does not stem from lack of sympathy with 
the concept, but rather from the fact that as yet the criteria of similar- 
ity from one set of experimental data to another have not been ade- 
quately formulated and that a sufficient number of studies based on 
different samples and different sets of batteries have not yet been pub- 
lished to show explicitly the stability obtained by the methods of the 
University of Chicago Psychometric Laboratory. 

The volume is a major contribution not only because of the problems 
it solves and the solutions it presents, but also because of the further 
problems for investigation which it raises either explicitly or by implica- 
tion. It should go a long way toward stimulating further research in the 
methodology of factor analysis and its implications, not only for psy- 
chology but for other domains of science as well. 

Although no bibliography is included in the volume, it does contain 
a very usable and complete index. 

Paut Horst. 

University of Washington. 


GarReETT, H. E. Statistics in psychology and education. (3rd Ed.) New 
York: Longmans, Green, 1947. Pp. xii+465. 


The 3rd edition of Garrett's Statistics in Psychology and Education 
retains the breadth of scope, clarity of exposition, attractive format, 
abundant examples and illustrations, frequent cross-references, and 
other features which made the 2nd edition so popular. The book has 
been completely revised, however, and in addition to desirable rear- 
rangements, new material has been included on topics such as the sta- 
tistical significance of r, Taylor-Russell selection ratios, Kuder-Richard- 
son reliability estimates, the Wherry-Doolittle test selection method, 
testing experimental hypotheses, small sample statistics, chi-square, ?, 
and the analysis of variance. 

In addition to being thoroughly up-to-date the book includes a 
number of other excellent features. The chapters on the normal curve 
and on correlation are truly outstanding. The problems and answers 
at the end of each chapter are good teaching aids. A wide variety of 
useful tables, many of them new, are interspersed throughout the text. 
Unfortunately, however, the tables are accompanied by few source 
references and are not indexed, which wil! prove to be an inconvenience 
to readers. 

There are almost no typographical errors, and except for the general 
topic of probability and sampling, there are relatively few errors. The 
minor slips include erroneous formulae for the M.D. (on pp. 55-57) 
(ironically a different sort of error was made here in the 2nd Ed.); the 
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statement that the M.D. is always greater than Q (p. 59); the use of 
P.E. for Probable or Median Deviation (p. 116 and elsewhere); an incor- 
rect formula for the binomial which should be (p+ q)" in Fig. 27 (p. 
131); incorrect use of N—1 in computing r’s (p. 273); and the statement 
on pp. 335-336 that, ‘““The amount of reduction in ces. y) aS 7 Varies 
from .00 to 1.00 is given by the expression /j—72....” 

It seems to the reviewer that Garrett’s treatment of sampling is the 
only topic which merits serious criticism. Chapter VIII on Testing 
Experimental Hypotheses is spotty and Chapter VII on Sampling and 
Reliability contains frequent errors which detract materially from what 
is otherwise an outstanding book. The chapter on sampling and reli- 
ability is considerably improved over the second edition counterpart, 
but it is still inadequate. The author continually (e.g., pp. 186, 192, 196, 
297, and 335) slips up on the distinction between a priori and fiducial 
probability. The use of improper, informal expressions, such as, 
“|. . there is only 1 chance in 20 that the sample Q of 4.9 differs from 
the population Q by more than + .40... ,”’ does not solve the problem. 
The reviewer's opinion is that a straight-forward interpretation in terms 
of confidence levels and the two kinds of errors and their conse- 
quences is called for with no more beating around the bush. This is by 
no means a trivial point. Other shortcomings of the sampling chapters 
include: unclear and misleading discussions of degrees of freedom (pp. 
191, 241); overemphasis on distinctions between large and small sam- 
ples; ‘‘acceptance”’ of the null hypothesis (pp. 200, 208) (e.g., “For #’s less 
than 2.09 we accept the null hypothesis and mark the difference ‘not 
significant’’’; an inaccurate method of determining the confidence 
intervals for percentages (p. 219) which often prove to be asymmetric; 
and recommendation of inadequate criteria for the adequacy of random 
sampling (224-225, 227). 

The good chapter on Testing Experimental Hypotheses adds ma- 
terially to the book, but certain specific points of criticism should be 
raised against the use of expected frequencies of 1.5 in the cells of Table 
35, when computing chi-square, and the statement warning about the 
use of chi-square when “table entries are small” (p. 246)—here the crite- 
rion should be in terms of the expected frequencies, not the observed fre- 
quencies. Also the reviewer thinks that the use of the term variance for 
the mean squares or variance estimates of analysis of variance is inac- 
curate and misleading. One amazing statement appears on p. 224 to 
the effect that ‘‘... in small samples, wide deviations from the mean 
cannot appear if the sample is truly representative of a normally dis- 
tributed group.’’ Such measures, it is advised, should be discarded. 
This is an extremely dangerous practice unless there are clear rational 
grounds other than extreme dispersion for discarding a measure. 

To sum up, in the reviewer's estimation Statistics in Psychology and 
Education represents a fine achievement with the definite exceptions 


BOOK REVIEWS 











ob 2m @6e oe ost 2h 2a “ebs 




















BOOK REVIEWS 89 


noted above. He believes the book will prove most valuable to those 
teachers and students of statistics in psychology who emphasize corre- 
lation and descriptive statistics. 
Davip A. GRANT. 
University of Wisconsin. 


WoopwortTH, RoBeErt S., & Marquis, DONALD G. Psychology. (Sth Ed.) 
New Yor!<: Henry Holt, 1947. Pp. x+677. 


In their Preface the authors state that they have subjected the book 
to a rather thorough revision, without changing its general character. 
This is a fair statement. The sequence of certain topics has been 
changed, chapters have been broken up and redistributed, and sections 
have been rewritten in more modern and objective terminology. There 
has been a judicious pruning, so that recent material could be added 
without increasing the length of the book by more than 6%. But if one 
compares the 4th and 5th editions, page by page, he is impressed by the 
number of paragraphs that are identical, word for word. Most of the 
old figures are retained, and some excellent ones added. The new or 
rewritten portions are smoothly integrated with the old, so that the 
finished product shows little of the roughness or inconsistency that often 
results from joint authorship. 

Like the earlier editions, this book gives a fairly complete survey of 
the traditional field of general psychology. The first six chapters cover 
abilities, personality and the heredity-environment problem, all with an 
emphasis on individual differences. Such elementary statistical concepts 
as standard scores, centile scores, and correlation are explained at ap- 
propriate points in this section; furthermore, they are used in later dis- 
cussions, as in pointing out the relations between IQ and standard 
scores. Unfortunately, no mention is made of o,, caig¢., OF Om; indeed, 
the Mean is always called the Average. 

Chapter 7 presents the general principles of interaction with the er- 
vironment, serving as a background for the treatment of the Nervous 
System, and Development. The three following chapters cover “‘Mo- 
tives,’ ‘‘Feeling and Emotion,” and “Choice, Conflict, Frustration.” 
This last chapter is especially good, and should make considerable con- 
tribution to the student’s understanding of maladjustments. 

The next section of the book is introduced by a chapter on “‘Observ- 
ing,’ which successfully knits together the topics of attention and per- 
ception. Vision gets one chapter, and ‘‘The Other Senses’’ are lumped 
together in another. Particularly noteworthy are four pages of color 
plates prepared by Farnsworth to illustrate color vision. The plates 
may be too difficult for most students, especially since they are not well 
integrated with the text. For example, Plate D, “Zones of Color-blind 
Confusions,”’ is set up in terms of Prot-, Deuter-, and Tritanopes, while 
the text ends up by describing red-green blindness. The discussion of 
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simple auditory phenomena is extremely sketchy, mentioning neither 
the audiogram nor the decibel. On the other hand, the more complex 
perceptual processes are covered with unusual lucidity and reasonable- 
ness. 

The chapter on “Learning” divides the topic into place learning (as 

the maze), thing and tool learning (puzzle box, skills), and conditioning 
or sequence learning. The authors do not propose a general theory of 
learning, but instead present a list of factors involved in all types of 
learning. The next chapter, ‘‘Memory,” is long, and well-stocked with 
conventional material. The book ends with a good chapter on “Think- 
ing.” 
There are a number of helpful aids in this text. Each chapter ends 
with an excellent summary, in outline form, with important words 
italicized. In the back of the book there are 10 questions or exercises on 
each chapter. There are also about 500 references to books and tech- 
nical papers, divided up by chapters. These are keyed into the text by 
bracketed numbers, but the arrangement is awkward enough to dis- 
courage students from looking them up. The Author Index uses an 
ingenious but perhaps over-elaborate scheme for referring to both text 
and references. It sometimes errs by a page. Finally, the Index of Sub- 
jects is adequate. 

Throughout the book the authors seem to make a deliberate effort to 
avoid technical terms, which undoubtedly contributes to the clarity of 
their presentation. But they often go too far, as in calling a ‘“‘Neurotic 
Inventory” a ‘Trouble Questionnaire.’”’ They also avoid naming psy- 
chologists in the text (but not in figures). In the first 120 pages the text 
mentions only five men: Binet at some length, Thorndike and Spearman 
for theories of intelligence, Simon and Rorschach as names of tests. 
Many items, e.g., the Kuder and Strong inventories, are described but 
not named. A student with scholarly habits could find these names if he 
looked up the references, but contiguity is still a valid principle! Al- 
though the reviewer has always felt that it is unwise to quiz students on 
a lot of names, he believes that the more important ones should be scat- 
tered through the text, so that they will at least sound familiar if the 
student meets them again! 

But these are questions of individual preference. Viewed objectively, 
the book seems to be a sound and reasonably complete text in General 
Psychology, of moderate difficulty, written in a clear and interesting 
style. This revision should win many new friends for an old favorite. 

HAROLD SCHLOSBERG. 

Brown University. 
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KLUCKHOHEN, CLypE, & LEIGHTON, DoROTHEA. The Navaho. Cambridge: 
Harvard Univ. Press, 1946. Pp. xx+258. $4.50. 


LEIGHTON, DoROTHEA, & KLUCKHOHN, CLYDE. Children of the people. 
Cambridge: Harvard Univ. Press, 1947. Pp. xvi+277. $4.50. 


These books are based upon a large research project the main ob- 
jective of which was ‘‘to investigate, analyze, and compare the develop- 
ment of personality’’ among selected Indian tribes in this country. The 
studies were designed to provide data and scientific interpretations to 
help improve our federal policy and practice in handling the problems 
of our native Indians. The project was sponsored jointly by the Com- 
mittee on Human Development of the University of Chicago and the 
United States Office of Indian Affairs. 

The first volume gives a compact over-all description of the main 
features of the culture of the Navaho. ‘The People,” as the Navaho 
call themselves, number about 55,000 and occupy a reservation and 
certain adjacent lands in the amount of nearly 18,000,000 acres in Ari- 
zona, New Mexico, and Utah. From the point of view of Navaho econ- 
omy and its relation to that of the whites, the most striking feature is 
the heavy pressure of a rapidly increasing population upon the limited 
land resources of this region. From the angle of acculturation, there are 
difficult problems of educating the younger Navahos, especially, to live 
in a world which must have ever closer contacts with the larger envelop- 
ing one of the white man. 

For the psychologists the most important features of The Navaho 
are those which show the basic interests and values of ‘‘The People.” 
For example, the pressure of population on food resources is not re- 
garded in the same way by the Navaho as it is by ourselves. They very 
much resent efforts from Washington to direct their mode of living, 
first because it is time-honored and has seemingly proved satisfactory; 
and, second, because their daily economy is tied up at nearly every point 
with their relations with the supernatural. Also the failure of earlier 
administration of Indian affairs to deal intelligently not only with the 
economy but with matters of education and public health as well has 
left many emotional scars among the Navahos. In fact, it was the be- 
Jated recognition of such failure in this tribe as among others which 
led to the development of the whole research project of which this study 
was a part. 

Another important contribution to psychology is the admirable 
treatment of the place of witchcraft and allied expressions of fantasy 
thinking in giving outlets for Navaho anxiety and aggression which de- 
rive from the strain in accommodating themselves to a white man’s 
world. Also is indicated the relation of language and forms of thought 
to the culture norms and expectancies and to individual behavior. As 
the authors say, “From the psychological point of view, there are as 
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many different worlds upon the earth as there are languages”’ (p. 182). 
The intimate relation of semantics to personality formation so well- 
known to the expert needs reiteration for those who are presently con- 
cerned in the rapprochement of cultural anthropology and psychology. 
Apropos the Navaho, the authors show the need to study and know as 
much of this difficult language as possible so that research work may be 
more valid and dependence on interpreters alleviated, and also so that 
administrators, teachers, medical and other personnel may conduct their 
work more effectively. 

Children of the People brings together all the kno wn facts of the indi- 
vidual Navaho as a personality. It constitutes an important contribu- 
tion to the field now usually designated as ‘‘Culture and Personality.” 

The first part consists of five chapters by Kluckhohn, which describe 
the first six years of life, later childhood, adult life and the psychology 
of ‘The People.’ In the second part, consisting of five chapters, Leighton 
reports the results of an extensive testing program applied to a sample 
of Navaho children. The tests were both medical and psychological. 
The latter consisted of intelligence measurements, the Arthur, the 
Goodenough free drawings, and selected projective tests, including the 
Rorschach. 

The descriptive analyses of Kluckhohn and Leighton show a number 
of interesting facts, such as, the high individualism and variationism 
of the Navaho, the place of magic and cermonialism in their lives, the 
difficulties of accommodation to the white mores and laws, and the lim- 
ited impact upon them, through the centuries, of their close neighbors 
the Pueblo Indians. From the standpoint of reporting, however, the 
present volume falls below the excellent standard set by Cora DuBois in 
her book on the Alorese. There are excellent photographs and a very 
adequate bibliography and index. 

KIMBALL YOUNG. 

Northwestern University. 


Beck, Husert P. Men who control our universities. New York: Kings 
Crown Press, 1947. Pp. 229. 


It is no novelty to those who teach in our universities that they have 
relatively little to say in the determination of policy by the institution. 
All the educational planning so prevalent these days is ultimately sub- 
ject to the veto power of Boards of Trustees. It is therefore of some 
importance to examine the socio-economic structure of these supervisory 
boards. This is the task which Dr. Beck has set himself. He has scru- 
tinized the occupational, educational and economic backgrounds of 734 
trustees of 30 universities. Of these institutions, 14 were state-supported 
and 16 were privately endowed. The sample thus selected represents 
22% of the universities in the country. It includes 24% of the total 
teaching staff and 20% of the student population. Within the limits of 





ee ee a a i i it 


"ot 1H Oe 


qt M 





BOOK REVIEWS 93 


this selection, the data found are very informative although to this re- 
viewer not too comforting. 

Dr. Beck finds that 90% of the trustees had been college students. 
Only 10% of the group, however, had any academic or educational con- 
nection with higher education. There were 36 teachers, 36 scientists and 
2 persons of fine arts background. Persons representing managerial and 
proprietary interests in the community constituted 71% of the total. 
In only one case was there a representative of labor. Women were 
virtually excluded from trusteeship, only 12 names being recorded on 
the 30 boards. Although precise data were not available for all the 
population, it was clearly established that wealth was a significant 
determinant of selection. Nearly half of the trustees had incomes 
averaging $35,000 per year. Significantly again, the finding that over 
47% of the trustees were 60 years of age or older bears upon the alert- 
ness to change to be expected of members of bodies charged with the 
supervision of our colleges and universities. The author, in the face of 
these data, is quite circumspect in his conclusions and recommendations. 
“The social and economic composition of these boards in the areas ex- 
plored can be said to be such as to satisfy only the most conservative 
writers in the field of higher education.”” As a corrective to this biassed 
distribution, Dr. Beck suggests democratizing control{by having the 
boards composed of eight representatives divided equally among 
business, professions, agriculture and wage-earners, plus two representa- 
tives of the faculty, two of alumni and one of the students. 

For the social psychologist, Dr. Beck’s excellent analysis of the com- 
position of governing bodies suggests the importance of closer examina- 
tion of the dynamics of university control. It also leaves to the initiative 
of collective faculties the institution of suitable measures to make their 
wishes felt and to insure a greater measure of control of universities by 
those who live in them, and by the general public. Even at Harvard, in 
its infancy, all teachers were members of the governing board. And at 
Virginia, under the influence of Jefferson, the faculty governed them- 
selves. 

BERNARD F. RIEss. 

Hunter College. 


McFarLanp, Ross A. Human factors in air transport design. New 
York: McGraw-Hill, 1946. Pp. xix+670. 


This volume could have been written only by a man with varied and 
extensive experience in aviation and aviation psychology. The breadth 
and scope of ihe volume, together with the mass of detail that is pre- 
sented, requires an investigator familiar with the field over a long period 
of time. McFarland qualifies in this respect since he first became con- 
cerned with problems of aviation in 1928 and, to the reviewer’s knowl- 
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edge, he has been interested continuously in some aspect of the problem 
since that time. 

This book is a handbook for aircraft designers, manufacturers, and 
students of aviation psychology. The author has gone through a great 
mass of material and carefully selected that which would be of the 
greatest practical use to engineers and psychologists. Dr. McFarland 
has evaluated information from the fields of engineering, meteorology, 
psychology, physiology, medicine, and anthropology and it is a tribute 
to him that he has been able to integrate the material so well and to 
make specific and practical recommendations. These recommendations 
suggest immediate improvement in aircraft and in their operation, as 
well as areas where further research is needed. 

The book contains thirteen chapters of which eleven are functional 
from the standpoint of use as a handbook. Chapter 1 is a general intro- 
duction to the subject, with an analysis of the ways in which the human 
variables in aircraft design may be studied. Of particular interest to the 
psychologist is a section in Chapter 2 dealing with the future technical 
developments in aircraft and their implications for psychological and 
physiological research. Chapter 3 describes high altitude operations and 
pressurized cabins and deals at length with the physiological problems 
on which Dr. McFarland is peculiarly qualified to speak. The fourth 
chapter is concerned with the control of ventilation, temperature and 
humidity and will be of interest primarily to the engineer in terms of 
the provisions that will have to be made for passenger and crew com- 
fort. The need for further physiological research in these fields is clearly 
indicated and the implications of such research go far beyond the air- 
craft industry. It takes little imagination to see the applications and 
need for such research in the building industry, in factories, office build- 
ings, schools, and for other public buildings. 

The fifth chapter deals with the control of insects and air-borne 
diseases and may be of less concern to the psychologist than to engineers 
and public health authorities. The sixth chapter will attract the atten- 
tion of physiological psychologists and medical personnel since it deals 
with carbon monoxide and other noxious gases found in aircraft. Chap- 
ters 7 and 8 deal with the control of noise and vibration respectively. 
Again many practical research problems are indicated and there is also 
a summary of the best data now available. These particular chapters 
should be unusually valuable to the aeronautical engineer in designing 
aircraft of the future. 

Chapter 9 presents the problems of acceleration, motion and flight 
performance as related to the human organism. This chapter discusses 
in some detail the physiology of motion and the effect of altitude and 
acceleration on the pilot’s ability to accomplish his task. It provides 
the engineer with facts on human limitations in preparing the require- 
ments for high speed flight. 
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The time and motion engineer will be interested in Chapter 10 which 
deals with the cockpit and control layout of transport aircraft. McFar- 
land has clearly summarized the work in this area to date and indicates 
the need for further studies. Here, he treats the problems of design and 
operation of controls, organization of the instrument panel, illumination 
and vision, and communication. He points out rather forcibly that 
engineering requirements usually receive precedence in cases where 
there is a conflict between the demands of the pilot and the demands of 
the engineer. Unfortunately, as is shown in the 12th chapter, this has 
led to accidents on numerous occasions. The problems of passenger ac- 
commodations are presented in Chapter 11 from the standpoint of serv- 
ice and comfort rather than from the standpoint of human efficiency. 
The suggestions and recommendations in this chapter should be of pe- 
culiar interest to the designers of commercial aircraft. 

The 12th chapter discusses the prevention of aircraft accidents. It 
briefly presents the methods of accident analysis and discusses the 
effects of faulty design and material as well as failure in personnel. The 
final chapter presents McFarland’s conclusions. 

The reviewer might make one criticism of this book. Although in 
the early chapters the author again and again declares the importance 
of the psychologist in aviation and in the design of aircraft, very little 
emphasis in the final chapter is placed on this point. This is surprising 
because a tremendous mass of evidence has been presented to support 
these earlier contentions. The style of writing may also strike one as 
unnecessarily weighty. However, these criticisms are of little conse- 
quence in comparison with the overall contribution of the book. The 
book should be on the shelf of every aviation psychologist and aero- 
nautical engineer. In fact, it has every mark of becoming a classic in 
the field. Those readers concerned with aeronautics may be pleased to 
learn that this book will be accompanied by another, now in preparation 
by McFarland, on the human problems in air transport operations. 


Jack W. DuNLAp. 
The Psychological Corporation. 


CLEETON, GLENN U., Krart, M. A. AND Royster, R. F. Selection and 
employment of transit operating personnel (together with four manuals 
of instruction entitled: The Standard Examination for Transit Em- 
ployees, The American Transit Motor Ability Test, The Personal 
Reaction Test for Transit Employees, and The Placement Interview for 
Transit Employees). New York: The American Transit Ass., 1946. 
Pp. 51, 8, 7, 12, 45. 


This series of pamphlets outlines the procedure for selecting transit 
operators recommended by the American Transit Association. The 
procedure involves three phases: (1) a qualifying phase, in which the 
applicant submits his application, presents personal history data, and is 
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investigated in regard to personal history and financial credit; (2) a 
testing phase, in which the applicant takes tests of mental ability, 
vision, personality, and motor ability; (3) an evaluation phase in which 
the applicant is given a medical examination and a qualifying interview, 
followed for successful candidates by an acceptance interview. 

Few would deny that the selection program as outlined has reason- 
able face validity, but since the program is offered by a psychologist as 
the best current solution to the problem of transit operator selection it 
is pertinent to inquire into the nature and extent of the validating data 
which he has collected. And this is what is found. None of the personal 
history or medical examination items has been tested for validity. Data 
on the mental ability test are summed up in the statement that in one 
study (NV not given) those applicants who scored between 30 and 45 had 
a 67% chance of becoming qualified operators, while those who scored 
below 25 had only a 35% chance. The visual tests are accepted on the 
grounds that ‘‘there are enough case studies where visual skill deficien- 
cies were important or decisive factors to necessitate measuring them in 
any complete selection procedure.’’ Without qualification, any test or 
test instrument for measuring one of the visual functions, as depth per- 
ception, is taken to be the equivalent of any other test of that function. 
The personality test is said to be of ‘‘reasonable reliability’’ and corre- 
lated, though not to a high degree, with other attitude scales. The motor 
ability test, an elaboration of the one developed by Viteles for the 
Milwaukee Electric Railway and Light Company in 1925, is reported 
to correlate .32 with accident responsibility and .39 with supervisors’ 
ratings on the job, but again no N’s are given. 

It seems clear that the authors’ prevailing clinical attitude toward 
the selection problem and their attempt to ‘‘sell’’ their selection pro- 
gram to member companies of the American Transit Association has led 
them to overlook the need for empirically locating the deadwood in 
their selection program and for good research reporting. The program 
is not demonstrably better than that proposed by Viteles and, except as 
a negative illustration, would deserve little discussion time in classes in 
industrial psychology. 

WILLIAM E. KappaurF. 

Princeton University. 





